Oxygen and nitrogen isotopes as tracers of fluid activities in serpentinites and metasediments during subduction by Philippot, Pascal et al.
Oxygen and nitrogen isotopes as tracers of fluid
activities in serpentinites and metasediments during
subduction
Pascal Philippot, Vincent Busigny, Marco Scambelluri, Pierre Cartigny
To cite this version:
Pascal Philippot, Vincent Busigny, Marco Scambelluri, Pierre Cartigny. Oxygen and nitrogen
isotopes as tracers of fluid activities in serpentinites and metasediments during subduction. N
contribution IPGP 2134. 25 p. 2007. <hal-00128981>
HAL Id: hal-00128981
https://hal.archives-ouvertes.fr/hal-00128981
Submitted on 5 Feb 2007
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destine´e au de´poˆt et a` la diffusion de documents
scientifiques de niveau recherche, publie´s ou non,
e´manant des e´tablissements d’enseignement et de
recherche franc¸ais ou e´trangers, des laboratoires
publics ou prive´s.
 	
	ﬀﬁﬂﬃ !
 "#$
 %&'$()")+*-,./
 %012.31-4
56ﬀ1ﬃ78+9:9; <
=?>'1
&@ 5>AB1CD,$EF,GD,H%01-I
J KLNM1K1O$J P@QROSQUT@T0V$WNX3Y$Z.QU[@M\1[]W	^_	LNQa`b[$cedNf g0YﬀhiKkjNM1Vml0M1Kknpo=\1OSOa_0jNQaq=K1[@rHJ QU\;j5jN\sKkjW9Qa`0[$c@g
XItﬁKﬂouVuj-KﬂW9V@QajN\wvHx+Vﬀo0QUV'L5T0P@y;jN\{z|MﬂW3_=\kOUOR\w\ﬂWJ&j5QUn"Q}W5Qa~=\Y5[0LW9QW3_@W7r@\"JP$c0LNQR]_=\wr]_vHOUV@o0\wr@\JKkjNQSL-YBs |l
.hŁ10Y@T@OK1M1\_&LLNQR\ﬂ_=Y0b'pJKkj5Q3LDs\1r@\kbeY$	jNKk[ﬀM1\
dj5Qa`0Q['LtﬁK+ouVuj-KWVujc(B\;T0KkjW9n\1[]W8VuW9Pﬀ\"v.\1V@T@P$c'LNQRM1K1OBl0M1QR\ [0M+\]LNY ¡ P@\p[@Qa~=\kjLNQW9c(VbsP@QSM+Kk`0VbYe@¢$
l0V$_$W9PH£ﬁOUOUQLDz~=\1[]_=\s8P@QRM1K;`0VbY@t¥¤@@¤@¢@$Y$l@z
q¦|QaT0Kkj9W5QUn\1[]WEVmT0\ﬂjBOV§L9W3_=r$QUV¨r@\1O	¡D\kj5jEQWEVujEQUV¨\|r@\kOUOS\"L9_=\:Q3LNV@jL-\1Ybp[@Qa~=\kjLNQ}WE©pruQ¦vH\1[@V$~=K1Y	sVujªL5V"£D_@jEVuT0K
0¤@Y ;¤;¢$v.\k[@V$~0K+Yu3WEK1OQRK
gItﬁK#o0V@jNKﬂW9V@QajN\r@\HJ&P$c'LªQRM1VbEsIP@QUnQS\r0\]LOa_=QUr0\]LvHx+VuOUV@`0QS]_=\LNYE['LWEQW3_$WIr@\HJP$c0LNQR]_=\r]_!v.OUVuo0\r@\HJKkjNQ3LNY
s p|l.hŁ10YuT@OUK+M1\_&LLNQR\ﬂ_=Y0b'pJ K;j5Q3LDs\1r@\#beYﬀ¦jNKk[0M1\
«¬	­®-¯k°@±k®
 K;[@r6 QL-VﬀWVuT0\/L5c0LWE\1nKﬂW9QUM$L²V0!K³L9_'QWE\´VbCP@QR`@P@T@jN\LL_0j-\?µ¶.J&·²Kk[ﬀr³_'O}W9jNK1P@Q`0P@9T@jN\]LL9_0jN\?µ3H¶.J&·
n"\#WEK]LN\1r@QSn\1[]WNL:VuBW9P@\Cl0MkP@Q3L9WE\]Lt _	LW9j-x]L[@K;T@T0\mK [ﬀr<n\ﬂWEKkT0\;j5QUr@V$W9QWE\]L.V@BW9P@\£ﬁj5j5V!¡ V$o$o0QUVChK]L#LNQU3jNV0n
W9P@\/zHOUT0Q[0\+-zT@T0\1[@[@QU[0\L5c=LWE\1n K;jN\FM+VbnpT0KkjN\+rA¸QWEP6W9P@\1Qaj²_'[@n\ﬂWEK1nV@j5T@PﬀV¦L-\1r¹V@jºP$cﬀr$jNV$W9P@\;jnK OROcﬀ
\1]_'Qa~uK OR\1[]W73jNVbn¹W9Pﬀ\§L-K n\¨OVbM1K1ORQW5QR\]L|K1[@r!j-Vbn¹W9P@\!l0Vﬀ_eW9P§»\]L9WE[@r@QSK1[CQRr$`0\wµl$»¼9·½¡ P0\¶HJ¾K [ﬀr
H¶.J¿jNVbM;À'L?L3W3_=r$QU\1r¹jN\;T@jN\]Lª\1[]WKL-\1]_=\k[ﬀM]\ÁVu²T=\1OUKk`0QSM¹L-\1ruQRn\ [WNLKk[ﬀrÂK1OWE\kjN\1r_=OW9jNK1nK1QRMFj-VbMkÀ'L
L_@o0r]_¦MﬂWE\1r¼W9VÃr$QUE\kjª\1[]W(r@\kTW9PbL!V@wr@V$¸p[WEVFÄ@?Àen K1OUV0[$`ÃK¼M1V0OUr?`0\1V$W9P@\kj5nK1Op`@jNK+ruQR\1[]W(µÅeÆªsÇ3À0np·#½
p[@n\ﬂWEK1nV@j5T@P@V'LN\+rŁK1[@rC¶HJ´n\ﬂWEK]L-\1ruQUn\1[]WNLLNP@V$¸ÂW9P@\CLNK1n\mjNK1[$`0\¨QU[ δ X3ÈSÉ~0K1Oa_=\$LpQU[@r0\kT0\1[@r@\1[]WEOac¥Vb
W9P@\1QajDn"\#WEK nVuj5T@P@QM`@jNK1r@\.K [ﬀroe_'OUÀ"[@Q}W9jNVu`0\;[M1V@[@M1\1[$W9jNKW9QUV@[bL#½e¡DVu`0\W9P@\kj¸QW9P"Lª\k~0\kj-K O0V$W9P@\;j `0\1VbM;P@\1n"QRM1KO
5\1K#W3_0jN\]L´µÊ|YC8oËK;[@rÌs:L´M1V@[]WE\k[WNLNY δ|·NY{W9P@Q3L?QU[ﬀruQRM1KﬂWE\L¼W9P@KﬂW δ X3È  ~uK O}_	\]L¼¸\kjN\/_'[ﬀK E5\1M#WE\1rÍo0c
n"\#WEK nVuj5T@P@Q3LNn K1[@r¼Î¸KL![@V]WwjN\kO\1K$LN\1r/r]_0jNQU[$`L_@our]_	MﬂW9QVu[=½8 QL-VﬀWVuT0\Kk[ﬀK OUc'LNQ3L!V0CLN\kj5T0\1[W5QU[@QWE\]L
M1Vﬀ_0T@O\1r<¸QWEP δ X3Ï5ÐL5c'L9WE\1n"K#W5QUML\1[$~0Q3LNKk`=\]LW9P0\¨QU[$~	V@Oa~0\1n\1[]W.V@.K¨nK15QRMCµ5Mkj9_	LWEKkOa·M1VbnpT0V@[@\1[]W:r]_0jNQ[e`
T0KkjW9QUK1O!r@\$LN\;j5T0\1[]WEQ[@QUÑK#W5QUV@[ÂV@ŁW9P@\L_@o0r]_¦MﬂWE\1rÒVbM+\kKk[@QRM6nK1[]WEOU\6KﬂWÓW9P@\6r@\kT$W9PÒOUV0Mﬂ_	LV@ºQ3LNORK1[@rÂKkj-M
n"K;`bnKﬂWEQSLNnw½@¡ P@QLﬁr@V0\]LB[ﬀVﬀW&QUnTbOUcmORKkj5`0\+LNM1K1OR\H5Oa_00\$LﬁK]L W9P@\Hn\ﬂWEK;`0Kﬂo@o@jNV'LﬁKkjN\pL5T0KﬂW9QK OROcK]L#L-VbM1QUKﬂWE\+r¸QW9P
W9P@\ Kk[ﬀK1Oc@Ñe\1r L-\kj5T0\1[]WEQU[@QWE\]L-YÔj-KﬂW9P@\kjÕT@jN\]LN\;j~0KﬂWEQUV@[ VbÖT@j-\]L_0o0r]_=MﬂWEQUV@[ M1P@\1nQSM+K O¿K1[@r Q3LNV$W9V@T@QRM
P@\ﬂWE\kj-Vu`0\k[ﬀ\1QW5Q\ﬀL4Vu[KOVbM1K1O'LªM1K1OR\K]LDr@V0Mﬂ_=n\1[]WE\1rp9V@jW9Pﬀ\n"\#WEK]LN\1r@QUn\ [WNL#½
×#Ø
®N¯;Ù@ÚÛ	±k®-ÜSÙ
Ø
&O_=QRrbLBjN\1OR\1K$LN\+rmr]_0jQU[@`CL9_bour]_=MﬂW5QVu[VbDVbM+\1K1[@QSMpORQW9P@V'L5T@P0\kj-\HjN\1Mkc0M1OR\pMkj9_	LWEK1O&M1Vun|T0Vu[0\1[]WﬁQU[]WVW9P0\
Vﬀ~u\kjNOc0QU[@`n"K1[W5OU\8¸\1r$`=\K1[@rKkjN\8_=OWEQSnKﬂWE\1Oac"QU[$~uVbOa~=\]rQU[HW9P@\T@jNV0r]_=MW9QUV@[Vb&Kkj-M:nK1`bnK]L½$¡ P0\kcpW9jNKk[0LN5\;j
KŁMkPﬀKkjNK1MﬂWE\;jQ3L9W9QUM<`=\1V0MkP@\1n"QRM1K1OpLNQU`0[@KﬂW3_0jN\CW9VK#jNM§~uVuORM1Kk[@Q3Lªn W9P0KﬂWM1Kk[²o=\§_	LN\+riWEViW3j-K1M1\ŁnK]L#LW9jNKk[0LN5\;j
W9P$jNV$_0`@P¨L9_@o0r]_¦MﬂW9QUV@[mT@jNVbM+\]LL-\]L#½@hV'LWLW3_=r$Q\]LPﬀKk~0\M1V@[@M1\1[]W9j-KWE\1rmV@[mQUr@\1[]WEQUc0QU[@`"W9P@\"LNV$_0jNM1\|Vu ~0VbOKﬂW5QUO \
\ O\ n\1[]WNL!QU[ÃL_0o0r]_=MﬂWEQU[$`6LNORKko	L!Kk[ﬀr/\+~uK1O_=K#W5QU[$`?W9Pﬀ\¼\19QRM1QS\1[0Mkc Vb"~0V0OUKﬂWEQOR\ºj-\1Mkc0M1OSQU[@`ÃQ[ÃL_0o0r]_=MﬂWEQUVb[
W9P$jNV$_0`@PpW9P@\_	LN\.Vb Q3LNV$W9V@T0\HKk[ﬀr`0K]LIM1P@\1n"Q3LW9j5cV0 QLNO Kk[@rmK;jNMHnKk`0n"KLBµ&Q3LNM1P0\kjﬁ\ﬂWDK1O3½}Yb0@$

QUn"n\kj\ﬂW
K O ½YD0@$@·#½KWEKmV@[²LWEKﬂo0OR\ K [ﬀrŁs6Q3LNV$W9V@T0\]LL_0`@`0\]L9WW9P@KﬂW7nV¦L9W7VuW9P@\wM1Kkj5o0V@[ŁQ3LW9jNKk[0LN5\kjEjN\1r§WV§W9Pﬀ\
n"K1[W5OU\µªluPﬀKﬂ¸Ã\#W K1O3½}Y@0@@¢

l@c@[ﬀr@\kjD\ﬂWKkO3½}Y@0@#·5Y$¸pPﬀ\kjN\1KL	6QSLDORKkj5`0\1Oc|jN\ﬂW3_0j5[ﬀ\1rHo=K1MkÀpW9VHW9Pﬀ\HL_0j59KM1\8~0Q K
~0VbOUM+K [@QRMmr@\k`0K$LªLNQ[@`Óµ&Q3LªM1P@\kj.\#WK1O3½}Y 0@$@·½	z[@V$W9P@\;j¸KkcwW9VŁreVbM#_0n\1[]WnVujN\mr$Q jN\1MﬂWEOacCW9P@\¨L-Vﬀ_0jNM+\mKk[0r
o0\1P@Kk~0QUV@j.Vb8~uVbOUKﬂWEQUOR\ﬀL.QU[ºL9_bour]_=MﬂWEQUVu[(ÑVu[ﬀ\$LHQ3LWEViL3WR_=rﬀc§VbM+\1K1[@QSMmnKﬂWE\kjNQUK1O W9P@KﬂW7P@K]L.o0\1\1[²L_0o0r]_=MﬂWE\+r(WV
ruQU95\kj-\ [Wr@\;T$W9PbL#½mh\ﬂWEKLN\1r@QUn"\1[WNL´K [ﬀrÔL-\kj5T0\1[]WEQU[@QWE\]L´K;jN\³W9P@\FW3¸|VÐnK QU[ËMKkj5jNQU\kjL´V0i~uVbORKﬂW9QUOS\$L´KﬂW
M1Vu[~0\kjE`0\ [W&n"K;j5`bQU['L½]z.OWEP@V$_0`@P:W9Pﬀ\8_'[ﬀr@\kjLWEK;[@r@Q[@`Vu&P@Q`0P@9T@jN\]LL9_0jN\$LT0P@K$L-\jN\1OUKﬂWEQUVu['LQ[T0\1OSQ}W5QUMHL5c=LWE\1n¨L
Kk[@rºP$cur$jNV$_	LH_=OW9jNK1nK1Q}WN\]LP0KLM1Vu[0LNQRr@\kjNKko0Oc²o=\1\1[²QRnT@j-Vﬀ~u\1r²µJVuOUQ7K [ﬀr¼l0M P@nQRr]WEYI0@$

JKk¸OR\kcK1[0r
¶V@OUOUVﬀ¸Kkc0Y5;Ä@Ä@¢

ORn\kjDK1[@r¡4j-VunnmLNr@V@jN9Y ;Ä@Ä@Ä

¶\kjNnK1[@[K1[ﬀrvjN\1\1[ﬀYu0@#·NY@À@[@V$¸OR\1r$`0\Kko0V$_@W'W9Pﬀ\ Q j
~0VbOUK#W5QUOR\mK1[@rCnVuo0QROS\\1OS\1n\1[]W9Q[@`=\kj5T@jNQU[]WNL7µ5\$½ `	½b^7YtﬁQUYsOUY	·7KﬂWP@QU`bP§K [ﬀr{_=OW9jNK1P@QU`bPwT@jN\]L#L9_0jN\]L.Q3LpLWEQUOSO
Q[0M+VbnpT0OS\#WE\$½$z.[mQ[$~=\1[WEV$jcVuBL9_=M PW9jNK1M1\;jLBQ3LﬁKk~=K QUORK o0OR\p9V@jBnK15QRM:j-VbMkÀ'LﬁK1[@rmn\ﬂWEK]L-\1ruQUn\1[]WNLL_0o0r]_=MﬂWE\1r
K OVu[e`¸KkjNn `0\1VﬀW9Pﬀ\kjNnK1OH`@j-K1ruQR\1[]WNL{µhV@jNKk[\#WmK;O3½}Y{;Ä@Ä$

^7\+ouVﬀ_@WKk[ﬀrº&Vu`0\1OUYm;Ä@Ä$

hQU[@`@jNK1nÕK [ﬀr
^j-K=\kjNYb0@#·{7\1M+\k[]WEOac@Y@^8_&LNQU`b[$c\ﬂWDK1O3½}Y'µ0@@¢@K;·8LEP@V$¸\1rpW9P@KﬂW	W9Pﬀ\HM1V@[]WE\;[]WNLDV@ Oa_=QRr@-nVﬀo0QROS\.\1OR\ n\1[]WNL
OSQUÀ0\8YbÊ|YboK1[@rms:LﬁVb n\ﬂWEKLN\1r@QSn\1[]WNLL_0o0r]_=M#WE\1r"QU[mKpM1V@OUr¨LNORKkow\1[$~0QajNV@[@n\1[]W j-\ nK1QU[_=[@K15E\1MﬂWE\1rpobc
r@\ﬂ~0VbOKﬂW5QUORQÑ KﬂW5QVu[¥K [ﬀr<W9P@KﬂW¿QL\1E\MﬂW9Qa~=\ OUcŁW9jNK;[bL5T0V@jWE\1r²reVﬀ¸|[<WVºKW.OU\1K$L9Ww;@ŁÀbn r@\;T$W9PbL#½D¡ P@Q3L"Q3LQS[
Kk`@jN\1\1n\1[]W!¸Q}W9P\k@T0\kjNQUn\ [WEK1Owr@KﬂWEK/Vu[AM1K1OUM1KkjN\+Vﬀ_	Ln\ﬂWEK;T0\ OUQWE\$Lµ3V@nK1[@QUÀ¹K1[ﬀrÁ¶VbOUOUV$¸KkcﬀYm0@@$·
L5P@V$¸QU[$`!W9P@KﬂW7T@P@\1[$`0QWE\1Y W9P@\¨nK1QU[²M+Kkj5jNQU\kj|Vuﬁ"YBQSLLWEKﬂo0OR\"_0T<WV²Ä<vJK{9V@j|K{`0\;V]W9P@\kjNnK1OD`@jNK1r@QR\ [W.V@
Kﬂo0V$_@WŁÅeÆªsÇ3À0nm½¡4Pﬀ\?QU[]WE\kj5T@j-\ﬂWEKW9QVu[/W9P@KﬂW([@QW9jNV@`0\k[ÁM1K1[³ou\?r@\1\;TbOUcÃjN\M+cuM1OS\+r WEV³W9Pﬀ\¾nK1[W5OU\?Q3L¥K1OL-V
L_0T@T0V@jWE\1r¾o@cW9Pﬀ\¼VbM+Mﬂ_0j5jN\k[ﬀM1\¼VbwP@QU`bP M1V@[@M\1[]W9jNKW3QUV0[bL!V0¨[@QW9j-Vu`0\k[ µ_0T?W9VÂ@@@?T@T@np·!QU[?H¶.J
n"\#WEK nVuj5T@P@QRM.ruQRK1nVb[ﬀrbLﬁµJ	C0ÀuouKkj

sKkjW9Qa`0[$c\ﬂWDK1O3½}Yb0@#·NY@c@\#WDM1V@[]W9jNKLW&¸pQ}W9PW9Pﬀ\HQU[]WE\kjET@jN\ﬂWEKﬂW9QUV@[pW9P@KﬂW
6M1Kk[.o=\\ 95QRM1QR\ [W5Oac|jN\1Mkc0M1OR\1rQ[KkjNMOSKk~uK]LDK$LL-VbM1QUKﬂWE\+r|¸|QW9PP@V$W LNOUKko\;[$~0Qj-Vu[@n\1[]Wµ&QSLNPﬀ\kjD\ﬂWKkO3½}Y@0@$@·#½
hK1[$cwLW3_=r@QU\$LBP@Kk~u\P@QU`0P@OUQ`0P]WE\+rW9P@\.M1\1[]W9j-K O0jNVbO\HVbBL-\kj5T0\k[W5QU[@QWE\$LﬁK$LLNV$_0jNM1\]LﬁVb~uVbOUKﬂWEQUOS\LQ[wL_0o0r]_¦MﬂW9QUVb[
ÑVu[ﬀ\]L7µl0M1K1nou\1OSOa_0jNQDK [ﬀr{J&P@QSORQT@T0V$W9Y0@

l0M1K;nou\1OSO_0jNQ\ﬂWKkO3½}Y0@$

l@P@K;j5T!K1[@r{^7KkjE[0\]LNY0@$

l$W9jNKﬂ_@o
Kk[@rptﬁK+cﬀ[0\1Y@0@@¢$·NYuc0\#WWV"r@KﬂWE\[ﬀV{L9W3_=r]c"PﬀK$LQRr@\1[]WEQUQ \1r"LN\kjET0\ [W5QU[@QWE\LBKLBKpLNV$_0jNM1\V@'6QU[pW9P0\`0\1[@\$LNQ3LﬁVb
QLNORK1[@r/K;jNMºnKk`0n"K$L½5[¾W9Pﬀ\iT@j-\ﬀL-\1[]WmT0K;T0\kjNY:¸\ºQU[u~u\$LW9Qa`=KﬂWE\ŁW9P@\º[@QW9j-Vu`0\k[´M1V@[]WE\;[]WNL(K1[@rº QL-VﬀWVuT@QM
M1Vun|T0V¦LNQWEQUV@[/VbwKL_=QWE\¼V@"_'OW9j-K nK EQSMjNVbM;À'LC3jNV@nÎW9P@\ºz.OUTbQU[0\i£ﬁj5jNV/¡ V$o$o0QUVÃM1Vbn|TbOR\k0YH¸|P@QSM1P/PﬀKﬀL
\ﬂ@T0\kjNQR\1[@M1\+rŁV0M1\1Kk[@QRM¨P$cur$jNV]W9P@\kjNnK1OK1OWE\;jNKﬂW9QUV@[ÓK [ﬀriL9_@o0r]_¦MﬂW9QUV@[<Ñ Vu[ﬀ\{n\ﬂWEK1nV@j5T@P@Q3LNnÐ_0TCWEV§_0OW9j-K1P@Qa`'P
T@jN\]LL9_0jN\M1V@[@r@QWEQUVu['L4µ	½apvJKKk[@r¤beÆ#s

W9P@\r@KﬂWEKT@jN\LN\k[WE\1rQU[HW9P@Q3LLW3_=r$cK;jN\:3j-Vbn?W9P@\8JP]?W9Pﬀ\$LNQL4Vb
^8_	LNQU`0[$cﬀY¦0@$@·½$5[Vuj-r@\kj4WV"T@j5V$~0QUr@\pKjN\1E\kjN\1[@M1\p3jªK1n\:WEVpW9P@\jN\]L_=OWNLIVﬀoeWEK QU[ﬀ\1r"V@[W9Pﬀ\]LN\pn\ﬂWEK1nV@j5T@P@QRM
jNVbM;À'LNYL-\kj5T0\k[W9Q[@Q}WE\H3jNVbn/W9P@\l0Vﬀ_@W9Pp»\]LW5[@r@QRK [p7Q3r$`0\¸\kj-\HK1O3LNVmKk[ﬀK1Oc@Ñ \1r'½@¡ P@\jN\$L_=OWNLﬁKkjN\.M1VbnpT0Kkj-\1r
¸QW9PT@jN\k~0QUV$_	LV$@c@`0\1[mQ3LNV$W9V@T0\L5c0LWE\1nK#W5QUM$LﬁV@[W9P@\LªK n\LN\ﬂW4VuBL-K1nT0OR\$LBµ	j 0P@5vjN\1\1[m\#WDK1O3½}Yb0@#·ﬁK [ﬀr
¸QW9PpÒQL-VﬀWVuT0\Lc'L9WE\knKﬂW9QRM]LV@[mKL#LNV0M QKﬂWE\1rmnK1QRMHjNV0MkÀ'LIK [ﬀr{n\ﬂWEK]LN\+ruQRn"\1[WNL3jNVunÃW9P@\"l0M1P@Q3LWE\]LDt _	LW9jNx]L
[@KkT@T0\µ^_	LNQU`b[$c(\#WKkO ½Y	0@@¢@Kk·#½0¡ P@\r@KﬂWEKpT@jN\]L-\k[]WE\1rmjN\kT@j-\]LN\k[W W9P@\Qaj#L9WBQU[$~0\1[WEVujc{Vu&ou\ PﬀKk~0QUVﬀ_0jQU[wK
W3c$T0QRM1K1ODVbM+\1K1[@QSM"ORQW9P@V'L5T0P@\;jN\{L9_bour]_	MﬂWE\+rCK1OUVu[e`!K

M1VuORr `0\1VﬀW9Pﬀ\kj5nK1O `@jNK1r@QU\1[]WµNÅeÆsÇ3À0n·NYjN\kT@jN\LN\1[]WEKﬂW9Q}~=\
Vu&nV¦L9WMﬂ_0jj-\k[]WDL_@our]_=MﬂW9QUV@[pÑV@[@\$L#½
'°
	]­ﬁ°
Ø
Úw°
Ø
°	0®NÜS±1°	0®1±
Ø
ÜÛ
¡4Pﬀ\:~0VbOKﬂW5QUOR\pK1[@rmnVuo0QROR\p\1OS\1n\1[]WNLQU[W9Pﬀ\pV0M1\1Kk[@QRMpnK [W5O\pK1[@rmQ[mn\ﬂWEKLN\1r@QSn\1[]WNLD¸\kj-\pKk[@K1OUc@Ñ\1rmQU[
LNK1nTbOR\iL9_'Q}WE\]Lm3jNVbn W9P@\Łz.OUTbQU[0\15zT0\1[@[@QU[0\iL5c'L9WE\1nm½¡ P@\!zHOUT0QU[0\15zT0\ [@[@QU[0\ÓVuT@P@QUV0OSQWE\]LKkjN\ŁQRnT0Vuj3WEKk[]W
[@KﬂW3_0jNK1O	V$o'L-\kj5~0KﬂWEV$jEQU\$L9Vuj W9P@\HT@j-Vu`ejN\]LLNQa~=\L9_bour]_=MﬂWEQUVu[Vu ~0K;jQRKko0OcK1OWE\kj-\1rmVbM+\1Kk[@QRMpOSQWEP@V'L5T@Pﬀ\kjN\pK1[@rmM+K [
o0\¾_&LN\1rK]LnVb[@Q}WEVujLiVuÓr@\1\kTÒ5O_=QRr¹K1[@r\1OR\ n\1[]W¥OUV'LLQU[]WEVFW9P@\¾£IKkjW9PLnK1[]WEOU\/µJ&P@QSORQT@T0V$W¥Kk[@r
lb\1Oa~0\;jLWEV@[@\1YD;Ä@Ä

J&P@QSOSQUT@T0V]WEY;Ä@Ä@¢

^K;j5[@QRM1VbK#W K;[@r"sKkj9W3¸pj5Q `bPWEY;Ä@Ä@

l0M1K1npo0\1OSOa_0jNQ'\#WDK1O3½}Y;Ä@Ä@

	j 'Pﬀ
v:jN\+\k[\ﬂWK1O3½}Y:0@

l0M1K1npo=\ OROa_0jQ.K1[ﬀrJP@QSORQT@T0V]WEY0@#·½¡ P@\ºL-\ O\]M#WE\1rº_$W9jNKknK EQSMŁj-VbMkÀ'LjN\1M1V@jNr¼À0\ﬂc
\ﬂ~0VbO}_@W5QUV@[@K;j-cwL9WEKk`0\]LDV@ µk#·DP$c0r$j-KﬂW9QUV@["V@W9Pﬀ\VbM+\1K1[@QSM.n"K1[W9OU\1Y0µ@·EO_=QRrpjN\1OS\+KﬀL-\KﬂW&T0KkjW9QRK1O'r@\1P$cur$jNKﬂWEQUVu[Vb
LN\kj5T0\;[]WEQ[ﬀ\HµEVbOUQ~=QU[0\15QU[j-\1K1MﬂWEQUV@[$·ﬁK [ﬀr"9VujNnK#W5QUV@[Vu P@QU`0P@T@j-\]LL9_0jN\Hn\ﬂWEK1nV@j5T@P@QRM7~=\1QU['L#½]\ﬂWEKkQUOR\r{L-K nT0OR\
r@\]LNMkjNQaT$WEQUV@['LﬁK [ﬀrW9Pﬀ\:jN\1ORKﬂWEQa~0\:o0Qao=OQVu`@jNK;TbP@QRMHQU[09VujNnKkW9QUVu[Kkj-\:jN\;T0Vuj3WE\1rQU[wl0M1K1npo=\ OROa_0jQ¦\ﬂWDK1O3½@µ90@$@·BKk[ﬀr
Q[p^_	LNQU`b[$cµ0@$@·DKk[@rKkj-\Vu[eOcL_=n"nKkjNQUÑ\1rou\1OUVﬀ¸{½
 
	

¡4Pﬀ\L-K1nT0OR\"LN\ﬂWLN\1OR\1MﬂWE\1rwQSL3j-Vbn6W9P@\H£BjEj5VC¡ V$o$o0QVCsVunpT0OR\k(Vb4W9Pﬀ\HtBQU`$_0jNQUK1[¨z.OUT'L#½=¡4Pﬀ\j-VbMkÀ'LL9W3_=r$QR\1r
L5P@V$¸ËK"~=KkjNQU\ﬂW9cÓVb\+]_'QROQao0jNK#W5QUV@[Ł3j-Vbn LNP0K1OUOUV$¸ K1OWE\;jNKﬂW9QUV@[ŁQU[ÓK1[ŁV0M1\1K1[@QRMw\ [$~0Q jNVu[@n\1[]W_0T<WV²\1MkOUV@`bQ}WE\
5K1M1QR\$LM1V@[@r@QWEQUVb[0Lµl0M1K1npo=\1OSOa_0jNQ\#WﬁK O ½YB;Ä@Äb·#½$£IKkj5Oac!LWEK;`0\pVuBLª\;j5T0\1[]W9QU[@QUÑ$K#W9QUVu[wV0M1Mﬂ_0jEjN\1rmKﬂW4¡Ó¢@@mÆ#s
Kk[@rpJ('½ 'pvJK1Y0KﬀLDQU[0r@QSM+KﬂWE\1ro@cwL9WEKﬂo0OR\HM1P$j5c=LNV]W9QUOR\u½1¶Qa`0PpT@jN\$LªL_0jN\K1[]WEQa`0V@jNQWE\HLN\kjET0\ [W9QU[@QWE\$L9V@jNn\1rKﬂW
Q[0M;jN\1K$LNQU[$`J¡ÓM1Vu[ﬀruQ}W5QUV@[bL _0TpWEV=½apvJKKk[@r¤be0Æ#sY$¸pP@QRM1PH¸K$LDM1V@[]WE\1npT0V@jNKk[@\+Vﬀ_	L¸QW5P\1M1OUVu`0QWEQUÑKﬂWEQUVu[
VuDK]LªLNV0M1QSK#WE\1r"nK15QRMHjNV0MkÀ'Lµ3h\]LªLNQ`0K|\ﬂWﬁKkO3½}YB;Ä@Äb·#½@¡ P@\pK1[W9Qa`0VujNQWE\LN\kj5T0\;[]WEQ[@Q}WE\]Lr@Q3L5T0OSKkc{Vﬀ~u\kj5`@jNV$¸W9PmV@
T@jN\1L9_@o0r]_=MﬂWEQUV@[M Pej5c'LNV]W9QUOR\!K$LLN\1npo=OSK;`0\ﬀLpo@c\+M OVu`0QW-\1EK1M1QS\LVbOUQ~0QU[0\/K1[W5Qa`0V@j5QWE\?¡DQUNM OUQU[@V0P]_=n"QWE\
MkP@OUV@jQ}WE\Ér@QUV@T'LNQSr@\+Y¨9VujNn\+rK1SWE\kj²T0K;jW9QUK1OCr@\1P$curujNK#W9QUVu[AVuCW9P@\?T@j-\1Mﬂ_0jL-Vuj¼L-\kj5T0\k[W5QU[@QWE\/µ5V@OUQa~'QU[0\1

jN\1K1MﬂW9QVu[e·#½4J&jN\]L-\k[@M+\<V0pK!O_=QRriT0P@KLª\<Q3Lr@VbM#_0n\1[]WE\1rŁo@cVbOUQa~=Q[0\+E~u\1Q['LµEVuOUQa~'QU[0\/¡DQU5M1OSQU[@V0P]_=nQ}WN\
MkP@OUV@jQ}WE\ﬀ ruQVuT'LNQRr0\ﬀ K1[]WEQa`0VujNQWE\

l0M1K1npo=\ OROa_0jQ7\ﬂWK O ½Y;Ä@Ä@$·#½B¡ VLW3_=r]cŁW9Pﬀ\mÖM1V@[]WE\k[WK1[@rQL-VﬀWVuT@QM
L5c'LWE\1nK#W5QUMLBr]_0jNQU[$`VbM+\1Kk[@QRML-\kj5T0\1[]WEQU[@QUÑKﬂWEQUVu[K [ﬀr¶pJ§n\ﬂWEK1nV@j5T@P@Q3LNn6K1[@r~u\1Q[0QU[@`0YﬀW9Pﬀ\K1[@K1OcWEQSM+K O@¸Vuj5À
¸K]L!T0\;j9V@j5n\+rFV@[ÃKMkjNV'LL²LN\+MﬂW9QUV@[FQU[0M1Oa_=ruQU[$`ÁOUVu¸LW9jNK;Q[/T0\;jQr@VﬀW9QWE\LÓruQSLETbORKkc0QU[@`F~0K;jQRKko0OR\VbM1\+Kk[@QRM
LN\kj5T0\;[]WEQ[@QUÑeKﬂW9QUV@[K1[@rP@QU`bPﬀT@jN\]L#L9_0jN\ºLN\kjET0\ [W5QU[@QWE\²nc0OVb[@QWE\]LwK1[ﬀr~0\1QU['L#½.l0K1nT0OR\$LwK1[@K1OcﬀÑ\1r¾Pﬀ\kjN\²Kkj-\
3jNVbnÎW9P@\?LW3_=r$c Vb!l0M1K1npo=\ OROa_0jQ\ﬂW(K1Oµ0@

W9P@\1QUj<EQ`$_0j-\F#·#½.¡4Pﬀ\$LN\¼M1V0npT@jNQLª\L¨W9P$j-\1\¾OUV$¸ L9W9jNKkQS[
LN\kj5T0\;[]WEQ[@QUÑe\1rmT0\kjNQRr@VﬀW9QWE\Lµ£¡;Y'£¡	0Y¦£I¡&¢$·Kk[0rW9PejN\1\H¶.Jnc0OUVb[@Q}W5QRM{L-\kj5T0\1[]W9QU[@QWE\$Lµ£I¡	0Y¦£I¡¤@Y
£¡&$·#½	[@\p¶HJ²~=\1QU[!µ£I¡@Ä@@¢@9ZH·7MkV@npT0V'LN\1rCV@V@OSQa~=Q[0\+Y ¡QU5M1OUQU[@VbP_'nQWE\mK1[@rCK1[]WEQa`0V@j5QWE\K [ﬀrCQWNLP@V'LW
jNVbM;À"µ3£ﬁ¡@Ä@@¢@»·LN\;j5T0\k[]WEQU[@QWE\HPﬀK+~u\:o0\+\ [K1O3LNVmKk[ﬀK1Oc@Ñ \1r"µ^_	LNQU`0[$c0Yb0@$@·#½e5[K1r@r$QWEQUVu[pWVW9P@\LN\1YuW9PejN\1\
VbM1\+Kk[@QRMLª\kj5T0\k[W5QU[@QWE\$L3jNV0nFW9P@\ml0Vﬀ_eW9P"»\$L9WD5[@r@QUK1[{7QUr$`0\µl$»¼9·PﬀK+~=\Hou\1\1[wK [ﬀK1Oc@Ñ \1rWV{T@jEV$~0QUr@\K [
Q[0r@\;T0\ [ﬀr@K1[]WD\LWEQnKﬂWE\.V@'6o$_=r$`0\ﬂWDQU["nVbr@\kjN[r@Kkcw\k[$~0QUjNV@[@n\1[]Wª½@¡ P@\]L-\HK;jN\7.0¢@0k;Yu.0¢@0ÅKk[0r
H0¢@5¢@|µL-\1\8\1M1QW9jN\\ﬂWK1O3½}Yu0@$9VujDKr@\#WEKkQUOS\+rT=\ﬂW9jEVuOVu`@QRM1K1O=K [ﬀrnKﬂﬁNV@jDK [ﬀrHW9jNK1M1\\1OU\1n\1[]WK1[@K1Oc=LNQLE·#½
zHORO4L-K1nT0OR\]LK;jN\7_=[@r@\19V@jNn"\+r{L5T0QU[0\1OOUP0\kj5ÑV0OQ}WE\LNPﬀVﬀ¸QU[e`mr@QS5E\kjN\1[]W4r@\k`@jN\1\.V@BLN\kj5T0\1[W5QU[@QUÑKﬂWEQUV@["µ53jNV0n6¤@
W9V"Åﬃ¨·DKk[ﬀrpT@jN\]LN\;j~0QU[$`jN\1OUQSM$LDV@nK1[]WEOU\V@OUQ~=QU[0\1Y0Vuj3W9P@V@T$cejNVﬀ@cﬀ[0\1Y0M OUQU[@V@T@c$j-Vﬀu\ [0\K;[@r"L5T0QU[0\ O9½
 !#"
%$&
"('
)	
"
*
¡4Pﬀ\¨T0\1OQ}W5QRM¨jNV0MkÀ'LLNK1nTbOR\1r²QU[@M1Oa_=rb\{_0[@n\ﬂWEK1nV@j5T@P0V'LN\1rÓVbM+\1Kk[@QRM<LN\+ruQRn"\1[WNL3jNVbnÐW9Pﬀ\¨zT0\1[@[@Q[0\$LK [ﬀr
W9P@\1QajBP@QU`@PmK1[ﬀr_=OW9jNKkP@QU`0PT@j-\]L#L_0jN\.M1V$_0[]WE\kjET0KkjWNLﬁV@W P@\¸\$LWE\;j5["z.OUT'L#½@¡ P@\.µ5n"\#WEKk·LN\+ruQUn\1[]WNLLW3_=r@QU\1rKkjª\
3jNVbn6W9P@\ptﬁK+~uKk`0[0K|[@QWQU[{W9Pﬀ\p5[]WE\kjE[@K1OtBQU`$_0jNQUr@\ÑVu[ﬀ\µ-[ﬀVuj3W9P@\;j5[¨zT=\1[@[@QU[0\k·K [ﬀrW9Pﬀ\mlbM1P@Q3LWE\LBt _L9W9jNx]L
[@KkT@T0\p9jNVbnFW9Pﬀ\:J\ [@[@QU[@QRMpÑV@[@\pµ¸\]L9WE\kj5[mz.OT'L

^_	LNQ`0[$cw\#WﬁK O ½Y'0@@¢@Kk·½b¡ P@\LN\HjNV0MkÀ'LﬁjN\kT@jN\]L-\k[]WDT0\1OUK;`bQ M
LN\1r@QUn"\1[WNLB\+]_'QROSQao@jªKﬂWE\1rp_0[@r@\kjﬁQ[0M;jN\1K]LNQU[@`J¡²M1V@[@r@QW9QUV0[bLK1OUV@[$`wK.M1VbOr{L_0o0r]_=M#W5QUV@[T0KﬂW9P'½ﬀ¡4Pﬀ\LN\1r@QSn\1[]WNL
3jNVbn tﬁKk~uKk`b[ﬀK§[@Q}WM1V@[bLNQ3L9WNLVb:_=[@n\ﬂWEK1nV@j5T@P@V'LN\rºnQRr@ruOR\!_0jNK]LªLNQRM§WEVºOUK#WE\<sBjN\#WEK1M1\1V$_	LjNK1r$QUV0OUKkjNQRK [
MkP@\kj9WEY8sK1OaT0QUVb[ﬀ\ ORORK15OQRn\ﬀL9WEVu[ﬀ\CKk[ﬀr<J K1OUV0no0QU[0QRLNP0K1OS\¨¸|P@QRM P¥\k@T0\kjNQR\1[@M1\1r²r@QRKk`=\ [ﬀ\]LNQ3LKﬂWJ ´'½;²vJK
Kk[@r!¡#¢@@ŁÆªsFµ7\1QU[@P0KkjNr]WEY;Ä@Ä#·#½ l0Kkn|TbOR\$LM+Vu[WEK QU[C~0K;jQK+o0OR\"T@jNV@T0V$j3W9QUVu['L7VbMK1ORM1QWE\1Y M1ORK+c§n"QU[0\kjNK1OL
Kk[@r]_=KkjW9Ñ@½@sK1OUM1NLNM1P@Q3LWNLB3j-Vbn³W9Pﬀ\l0M1P@Q3LWE\]LDt _	LW9jNxL[ﬀKkT@T0\pM1V@[bLNQ3L9WDV@ ]_=KkjW9Ñ YbT@P@\k[e`bQ}WE\1YbT0KkjNK;`0Vu[@QWE\.K1[0r
M1KkjouVu[ﬀKﬂWE\1Y:L9_@o0V@jNr$QU[0KﬂWE\!MkP@OUV@jNQWE\1Y8j9_$W9QUOR\<K1[ﬀri`@jNK;T@P@QWE\$½D¡ P@\Cj5V0MkÀL_=QWE\!\1]_=QOUQao0jNKﬂWE\+rºKﬂW|QU[@Mkj-\1K]LNQU[@`iJ¡
M1Vu[ﬀruQ}W5QUV@[bLÓKLÓKﬂW3WE\]L3WE\1r¾o@c?W9Pﬀ\ºT@jN\$LN\1[ﬀM1\VuCORKﬂ¸LªV@[@QWE\¼Kk[ﬀrFM1K;j5TbPﬀVbOUQWE\¼µtﬁK;`0V¾\kjNVÃKk[@r?	jNK1QWE\k~u\k·NY
MkP@OUV@jQ}WEVuQUr´µ5sVbOUOR\ºr@QzLªLNQS\#W3WEKk·5Y.`0Kkj5[@\#Wwµ5sBV@OUOR\ºr@\1OSO \¥&QU[0\]L9W9jN\k·(Kk[@r´M1Vb\LNQWE\ºµ3tﬁKk`0V/ruQ|s8QU`0[@K1[@K;·#½8J¡
\]LW9QUnKﬂWE\]LDQU[0M1O_=r@\

tﬁKk`0VH\kjNVµ¡C¢@@@ÆªsºK1[ﬀr|Jw'½aÅ|v7JK

hKkj9W9Q[K [ﬀrHJ V0OQU[ﬀVbY ;ÄbÅ@·NY@@·	jNK1QWE\#~0\µ5¡
C¢be@Æªs¼K1[@rHJ²½a|vJ K

z`0KkjNr\ﬂWK1O3½}Yu0@#·-YbsBV@OUOR\ruQ'zpL#LNQR\ﬂW3WEKµ5¡w0@@ÆsK1[@rHJ²½Å|vJKk·NY0sBVuOUO \
r@\ OUOR\"QU[0\$LW9j-\mµ¡º'e@ÆªsFK1[@r¨J²	½}!vJ K;·.Kk[@rCtﬁKk`0VŁr@QDs8QU`0[@K1[@Kmµ5¡¼¤be0ÆsÃK1[@r¨J¢'½}!v7JK

\1QU[0\1MkÀ0\+Y4;Ä@Ä#·#½
	

  
 ) (  
"

  
"

"QW9jNV@`0\k[M1V@[ WE\;[]WKk[ﬀr¼QSLNV$W9V@T@QUMŁM+VbnpT0V'LNQW5QVu[²¸\;jN\in\1K]L_0j-\1ri_	LNQU[@`?LN\K1OR\1riW3_@ou\ŁM1V@npo$_&LW9QUVb[
WE\1MkP$[@QR]_=\M1Vﬀ_0T0OU\1rm¸QWEP<L9WEKﬂW9QUM"nK]L#L.L5T0\1MﬂW9j-Vun\#W9jc!µ3^V$cﬀrC\ﬂWK;O3½}Y;Ä@Ä$

z.r@\kj7\ﬂWKkO ½Y0@@¤

^_	LNQU`0[$c!\ﬂW
K O ½YC0@b·#½m5[ÍK6M1V@npT0K1[@QUVb[ÒT0KkT0\kjNY!QW²¸KL?LNP@V$¸|[W9P@K#W²W9P@QSLºWE\1M;P@[@QS]_¦\FT@jNV$~0QUr@\$LK+M1Mﬂ_0jNKﬂWE\ÁKk[0r
jN\kT@jEVbr]_=M1Qao0OR\HjN\]L9_'OWªL9V@jK1[@K1Oc=LN\$LVb j-VbMkÀ'LLªK1npTbOR\$LB¸QW9PÒM1V@[]WE\k[WﬁK]LOUVﬀ¸AK$LBmT@T0nÒµ^_LNQU`0[$cw\ﬂWﬁK1O3½}Y
0@b·#½¡ P@\<¸|P@V0OU\1jNV0MkÀ/LNK1npT0OR\$L"¸\;jN\Ł`@jNV$_0[@rºWEVºW9P@Q[T0Vﬀ¸r@\kjLwK1[ﬀr¾P@V0nVu`0\;[@QÑ \1r'½QW9jNV@`0\k[º¸KﬀL
\ﬂ$W9jNK+MﬂWE\1r²3jNVunÖLªK1nTbOR\CT0V$¸r@\kjªLr]_0j5QU[$`K<M+Vbnpo$_&LW9QUV@[¾L9WE\kTQ[]_=K;jW9ÑCW3_@o0\]LmL-\1K1OS\+r¥_=[@r@\kj~0K1M#_@_'nw½
"QW9jNV@`0\k[¨¸K]LT$_0jNQU5QR\1r!K1[@riL-\kT0KkjNK#WE\1r<3jNV@nÌV$W9P@\kj~uVbOUKﬂWEQUOS\L.µ5n"K1QU[0OcC¶
d
·_	LNQ[@`ÓsKHYDs_¥K [ﬀr!sﬁ_=½
¡4Pﬀ\§Lª\1K1OR\1rCW3_@o0\$L¸\kj-\¨OUV0K1r@\1r²Q[WEV²K~uK1Mﬂ_@_=n OSQU['\wK1[@rÓVuT0\k[ﬀ\1r§¸QW5P¥KW3_@ou\¨M;jNK1MkÀ0\kj½'"QW9jNV@`0\k[C¸KﬀL
T$_0jQU9QR\1r"K1[@r]_=K1[]W9QU5QR\1r"KLBr@QU[bQ}W9jNVu`0\;[H
d
o@cM1KkT0K1M1QW-Kk[ﬀM]\.nK1[@Vbn\#W9j-c|¸QW9PK:T@j-\1M1QLNQVb[po0\ﬂW3WE\kjW9PﬀKk[mÅ ﬃ
µ
σ
·#½¡ P@\K nVﬀ_=[]WV@"\keW9jNK1MﬂWE\1r² jNKk[$`0\+r¾o0\ﬂW3¸\1\k[´¢@K1[@r?¢@@[@nVbOpQU[ÃLN\1r@QSn\1[]WEKkj5cj-VbMkÀ'L{Kk[0r
o0\ﬂW3¸\1\1[ŁŁWV³;![@nVbOQU[<W9P@\m_'OW9j-K nK19QSM$L½¡ P@\w`0KﬀL.¸KLHW9P@\1[²Q3LNV$W9V@T@QUM1K1OROcK1[ﬀK OUc@Ñ\+r<_	LNQ[@`KmW9j5QaT0OS\+
M1VuOUOR\1MﬂWEV@j¨L3WEKW9QUMŁnK]L#LwL5T0\1MﬂW9j-Vun\#WE\kj#½BZ|Kkj5QUKﬂWEQUV@[bLmQU[¼W9P@\wÖQL-V]W9V@T@QRMŁM1V@npT0V'LNQW5QVu[VbHW9Pﬀ\iLNK1nT0OS\LmKkj-\
\ﬂ@T@jN\L#LN\1rQ[¼W9P0\<_	L9_=K O δ [ﬀVﬀWEKW9QUV@[´µ-QU[ /·  δ X3ÈS	
  3µX3ÈSpÇNXRg3·	
UÇ9µX ÈSÇ-XSg3·m; × ;@@@Y
¸pPﬀ\kjN\"W9P@\CLWEKk[ﬀrbKkj-rŁQSL|KﬂW5nV¦LETbPﬀ\kjNQUM
d
½JV'LLNQao0OR\¨MKkj9o0V@[ŁnVb[ﬀVﬀ0Qrb\wK1[@rŁK#W9nV¦LETbPﬀ\kjNQRM¨M1V@[]WEK1nQU[0KﬂWEQUVu[
¸K]L|nVb[@QWEV@jN\1rŁQU[CW9P0\¨nK]L#LL5T0\1MﬂW9j-Vun\#WE\kj:_	LNQU[e`ºnpÇ3Ñ6#0YB¢@²K1[@r!0Łµ5zj5·#½ ¡ P@\(K1M1Mﬂ_0jNK+M+c¥Vb δ X3ÈS
~0K1Oa_=\ﬀLD¸KL\$LWEQUn"K#WE\1rmKﬂWﬁﬀ&'½a  µ9
σ
·3jNV@nFW9P@\Hj-\kTbj-Vbr]_=MkQao0QUOSQ}Wc{VbQU[WE\kj5[0KﬂW9QUV@[@K1ODLWEKk[ﬀr@KkjNrbLµ95z£z.S!
Kk[@rwS@·#½'¡ P@\[@QW9jNV@`0\k[{o0ORK1[$À(K1nV$_'[W¸K]L'½}¤bﬂﬀi'½}¢@{[@nV0O'Y¦¸QW9P(Kn\1K1[ δ X3ÈRÂKﬂWI5¢'½}ﬃﬀÓ	½} 
µ
σ 
9V@jDr@\WEKkQUO3LBLª\1\8^_	LNQU`0[$c\ﬂWKkO3½}Y@0@b·#½
5[¼V@jNr@\kjpWV¥WE\]L9WKk[$cT0V]WE\k[W9QRK O7\155\+MﬂWV@HW9P@\²LN\kj5T0\1[W5QU[@QUÑKﬂWEQUV@[ºT@jNV0M1\]LªLmV@[²W9P@\¨ ou\ PﬀKk~0QUVuj-Y:QWQSL
QSnT0Vuj3WEKk[WHWV¼M1V@npT0KkjN\w M+Vu[WE\k[]WK;[@rºQ3LNV$W9V@T@QUMÓM1V$nT0V¦LNQWEQUV@[iWVKiLN\;T0\k[]W9QU[@QUÑeKﬂW9QUV@[¼QU[0r@\+OQUÀ=\§¸KﬂWE\kj
M1Vu[WE\k[]Wª½»¼P@QROS\¸KﬂWE\kjﬁM1Vu[WE\k[]WNL4Vuﬁlu»¼_=OW9jNK1nK15QRMHjNV0MkÀ'LDP@Kﬂ~u\:o=\1\1[r@\ﬂWE\kj5nQU[0\rT@jN\#~0QUVﬀ_&LNOcµ\M1QW9jN\+Y
0@@$·NYﬀW9PﬀV¦L-\HV@£ﬁj5jEVb9¡ V$o$o0QUV"jNV0MkÀ'LDP@Kk~=\:ou\1\1["n\1K$L_0j-\1r"QU[W9Pﬀ\:T@j-\]Lª\1[]WBL9W3_=r]c=½'l0K n|TbOR\$LDT0Vﬀ¸r@\kjLﬁµ! 	¢@
n`@·¸\kjN\mOUV0K1r@\1rCQU[!]_=KkjW9ÑW3_@o0\]L:M1Vu[@[ﬀ\1MﬂWE\1rmW9VŁKp~0K1M#_@_'nÉORQU[0\$½¡ P@\"T0V$¸r@\kjL¸\kjN\mr@\k`0KLLN\+r<r]_0jEQ[e`
 B#!P$j|KﬂW1e#"5s?_0[@r@\kj~0KMﬂ_@_=nm½»¾KﬂWE\kj¸K]L.\k$W9jNK+MﬂWE\1rC3jNVbnÌ¶ou\1KkjNQU[@`Łn"QU[0\kj-K O3L.o@cŁ3_	LNQUVb[ÓV@8W9Pﬀ\
LNK1nTbOR\pKﬂW.#0@#"Es½$J&V]WE\k[]W9QK O0W9jNK1M1\]LIVb P$c0r$j-Vu`0\k[ﬀY	K]LB¶
d
Y=¸\kjN\.V$0QUruQUÑ\+rWEV¸KWE\;j¸pQ}W9Pms_=FP@\+KﬂW5QU[e`wKﬂW
'e#"5s½1»KﬂWE\;j¸K]LT$_0j5QUQR\1r3jNVbnÃV$W9P@\kj `0K]L-\]LDµ5nK1QU[bOUcs
d
K1[ﬀr:
d
·Vu[K8~uKkjNQRK+o0OR\13WE\ n|T0\kjNKﬂW3_0jN\BW3jNK;T"KW
#'eÆsK1[@rW9P@\1[M1Vu[$~u\kjWE\1rWV¶
d
T0K]LLNQU[$`"W9PejNV$_0`@P"P@V$W _@j-Kk[@Q_=n¹µNÅe@bÆªs

^QU`0\1OR\ Q3Lª\1[m\#WﬁK O ½YB;Äb@·#½ﬀ¡4Pﬀ\
P$c0r$jNV@`0\k[¸K]L]_=K [W5QU9QR\]rÂnK1[@V0n\ﬂW9jNQUM1K1OSOUc¹_	LNQU[@`ËK6¡ Vb\;T@OU\kj¼T$_=npTÌK1[@rW9Pﬀ\³¸K#WE\kjM;Vu[WE\k[]W²¸K]L
M1K1OUMﬂ_=OSK#WE\1r"K$LL9_'nQU[@`mK1OSObW9P0\.P$c0r$jNV@`0\k[p¸K$LﬁQ[0QWEQRK OROcT@jN\]LN\1[WDK]L ¸KﬂWE\kjBQU[W9Pﬀ\:j-VbMkÀ	½ﬀ¡4Pﬀ\HK1[@K1OUc]WEQRM1K1O&\kj5jNV@j
9Vuj¸KﬂWE\kjMkV@[]WE\k[W&QSLD\]L9W5QUnKﬂWE\1rHW9VHou\8o0\ﬂW3WE\kj'W9PﬀKk['½3 ﬃÌµ
σ
·½
 
	

ﬀﬁﬃﬂﬀﬃ !"ﬀ#$ﬀ
&%

'

ﬁﬂ()*
^_'OaÀjNV0MkÀ"[@QW9j-Vu`0\k[K1[@K1OUc'LNQ3LVbﬁlu»´K1[@rp£BjEjNV"¡ V]o@o0QUV_=OW9jNK1nK1QRMjNV0MkÀ'LﬁKkjN\`bQa~=\1["QU[m¡DKko0OR\¨
Kk[@r	½]£K+MkPmLNK1nTbOR\P0K]Lou\1\1["K1[ﬀK OUc@Ñ\+r"KﬂWOS\+K]LW	W3¸|QSM+\HQU["V@jNr@\kj	W9VmMkPﬀ\1MkÀW9P@\.Kk[@K1OcWEQRM1K1O'jN\kT@jNV0r]_=MkQao0QSORQW9c	½
lﬀ»ËLNK1nTbOR\$LmLNP@V$¸ÌÖM1V@[]WE\;[]Wo0\#W3¸\1\;[²	½Kk[ﬀrº	½}ÄiT@T@n¿K1[@r δ X3ÈR o0\ﬂW3¸\1\1[ &¤'½}¢ºKk[ﬀr&'½a  ½
"QW9jNV@`0\k[M1V@[]WE\;[]W¦Vu'£ﬁj5jNV¡ Vﬀoeo0QUV{L-\kj5T0\1[]WEQU[@QUÑ\1rpT0\kjNQ3r@V]W9QWE\L jNKk[e`0\ﬀL&o=\ﬂW3¸\+\k[¢'½}ÄKk[@r"0½}ÄpT@TbnY$¸P@QRM1PQL
LNOQU`0P]WEOac"P@QU`0P0\kjW9P@K1[M+Vu[WE\k[]WV@¦¶.JÓncﬀOUVb[@QWEQRML-\kjNT0\k[]WEQU[@QWE\]Lﬁµk½ pW9V	½aÅ.T@T0np·#½1»QWEPW9Pﬀ\\k0M\kT$W9QUV@[Vb
W9P@\8¶.J¨~u\ QU[µ δ X3ÈS ﬀ(¢'½}  ´·NY@KkOUO@£Bj5j-V¡ V$o$o0QV{LNK1nT0O3\]LBLNPﬀVﬀ¸ δ X3ÈR³~0K1O_=\$Lou\ﬂW3¸\1\1[  Å0½ÄKk[ﬀr 81  ½
&Q`$_0j-\F¼LNP@V$¸"LwW9P@KﬂWw[ﬀVFM+V$j5jN\kOUK#W5QUV@[FLª\+\ nmLwWEVF\0Q3LWmo0\#W3¸\1\1[ M1V@[]WE\;[]W(Kk[ﬀr δ X3ÈS VuwKO3O
Kk[@K1OcﬀÑe\1r¥£ﬁj5jNV¡ V$o$o0QUV¼K1[ﬀr¾l@»¼ L-K1nT0OR\]L#½»KﬂWE\kjM1V@[]WE\;[]WNLV@W9P@\!K1[0K OacﬀÑ$\+r¾l@»¼ËLªK1npTbOR\$Lp¸\kjª\
\]LW9QUnKﬂWE\1r¼o0\ﬂW3¸\1\k[´Ä'½}¤Kk[@r;¢'½º¸.Wﬃ²½ &Qa`$_0j-\i/LNP@V$¸L"W9P@KﬂWW9Pﬀ\¼lﬀ»ÖL-K1nT0OR\]Lwr@Q3LNTbORKkc´P@Q`0P@OSc
~0KkjNQRKko0OS\¸KﬂWE\;jM1V@[]WE\k[WﬁKWDjN\;OUKﬂWEQ~u\1OcwM+Vu['L9WEKk[]W&ÒM1V$[@M+\ [W9jNKﬂW9QUV@[@Y	QU[@r@QSMKﬂW9QU[e`"W9P@KﬂW&¹Q3LD_'[ﬀK 9E\]M#WE\1ro@c"W9Pﬀ\
r@\k`@jN\1\!V@L-\kj5T0\1[]WEQU[@QÑ KﬂW5QVu[=½4£ﬁj5j5V¡ Vﬀoeo0QUV¾LN\;j5T0\1[]WEQ[@QUÑ\+riT0\kjNQRr@V$W9QWE\]LKk[ﬀri¶HJÃnpc0OUV0[@QW5QRMŁLª\kj5T0\;[]WEQ[@Q}WE\ﬀL
L5P@V$¸ÍKjN\1nK;j5À0Kko0OS\"[ﬀ\k`0KﬂWEQa~0\"OSQU[0\1K;jM1V@j5jN\kOKﬂW5QVu[(M1P@K1jNK1MﬂWE\;j5QaÑ\1r¨o@c(r0\1MkjN\+K]LNQU[@`mÌM1Vu[WE\k[]W8KﬂWBQU[ﬀMkjN\1K$LNQU[@`
¶
d
ËM1Vu[ﬀM1\k[W9jNKﬂW9QUV@[bL½ÖM1V@[]WE\;[]WVuW9P@\¨¶.J/~0\1QU[¼QLKko0V$_@WCW9Qn\]LP@QU`bPﬀ\kjµ0½}¢iT@T0np·pW9P@K1[ŁW9Pﬀ\<P@V'LW
nc0OUVb[@Q}WE\µk½ T@T0np·¸Q}W5PK.n"K;j5À0\1r@OcOUV$¸\kj¶
d
´M1Vu[WE\k[]Wµ53jNV@nÂ@8WV"KﬂouVﬀ_@WD¸Wﬃ¹¶
d
:·ª½ δ X3ÈS/~0K1Oa_=\ﬀL
Vu £BjEj5VC¡ V$o$o0QVCK1[@r!lu»6L-K nT0OR\ﬀLLNPﬀVﬀ¸A[@VCM1V@j9jN\ﬂORKﬂWEQUV@["¸QWEP"W9P@\H¶
d
6M1V@[]WE\k[WNLµ&Qa`$_0jN\¢$·#½=¡4Pﬀ\|¶.J
~0\1QU["Q3LBLNQU`b[@QU5QRMK1[]W9Oacr@\kT0OR\ﬂWE\1rQ[
X3È
6M;V@npT0KkjN\1rH¸Q}W9PQ}WNL¶HJ(P@V'LW¦j5V0MkÀ	½
 
	
ﬂﬀﬃ(,+-./0.)
ﬂ(

QU`$_0jN\ŁLNP@V$¸L8W9Pﬀ\oe_'OaÀwÌM1V@[]WE\k[WNL~'L δ X3ÈSÂ~0K1Oa_	\LVbDW9P@\_=[@n\ﬂWEK1nV@j5T@P@QRM"K1[@r¨¶.J¼n\ﬂWEK]L-\1r@Qn\1[]WNL
3jNVbnÂW9P@\"tﬁK+~uKk`0[@KwK [ﬀrºl0M1P@Q3LWE\]Lt _	LW9j-x]L.[@KkT@T0\$L|µ5r@KﬂWEKm3jNV@n ^_	LNQU`b[$c¥\ﬂW:KkO3½}Y0@@¢@Kk·½5[CW9Pﬀ\]LN\mjNV0MkÀ'LNY
[@QW9jNV@`0\k[V0M1Mﬂ_0jL nK QU[0OcK$LDK1nnVb[@Qa_=n6µR¶
g21
·DK;[@rQ3LBL9_bo=LWEQW3_@WE\1rH9V@j T@V]WEKLLNQ_=n6QU[pÊ|Eou\1KkjNQU[@`"nQU[0\kjNK1OL
zH[ﬀK OUc'LªQ3LVupQU[0r@Qa~0QSr]_¦K1OTbPﬀ\ [e`bQ}WE\(_	LNQU[@`º¡4ËL5T0\1M#W9j5V'LEVbM;VuT$cLNP@V$¸\+r¥W9PﬀKﬂWK;nnVb[@Q_=nÖQLnK1Q[0OcQR[
T@P@\1[$`0QWE\K1[@rHW9P@K#WQ}WNLDM1V@[@M1\k[W9jNKﬂW9QUV@[QSLDP@VbnVu`0\k[ﬀ\1V$_	LDVu[KHLNK1npT0OS\HL-M1K1OR\7oe_@W~uKkj5c"LNQU`0[@QU5QRM]K1[W9Ocou\ﬂW3¸\+\ [
LNK1nTbOR\]L½b»P@VbO\jNV0MkÀÂM1V@[]WE\k[WNL8~uKkj5cwjNK1[$`0\"3jNVbnÍKko0V$_@Wp;@WVº;@@{T@T0nÂµ3^8_	LNQU`0[$c!\#WK1O3½}Y0@@¢$o@·½
¡4P@Q3LOSK;j5`0\~uKkjNQSK#W5QUV@[mjN\1M+VujNr@\+ro=\ﬂW3¸\1\k[!LNK1nT0OS\LQ3LpL-\1ruQUn\1[]WEKkj5c(QU[CV@j5Qa`0QU[!K1[@rmjN\1OR\MﬂWNLBW9P@\pT@jNV@T@V@j3W9QUVu[
VuÊ|o0\+KkjNQ[@`mnQU[0\kjNK1O	Q[W9P0\:T@j-VﬀWVuOUQW9P=½ﬀ»P@VbOU\+jNV0MkÀ δ X3ÈS6~0K1Oa_=\]LBjNK1[e`0\:o0\ﬂW3¸\1\1[		½¤K1[@r 		½aÅ  ½@zL
L5P@V$¸[QU[&Qa`$_0jN\0Y$W9P@\r@QSE5\kj-\ [W&j5V0MkÀpW3ceT0\]LLNP@V$¸?W3Pﬀ\L-K1n"\j-K [e`0\:QU[ δ X3ÈSF~uK1O_=\$LDQU[0r@\kT0\1[@r@\1[]WV@'W9P@\1QUj
n"\#WEK nVuj5T@P@QRMm`@jNK1r@\wKk[@r<oe_'OUÀÓ[@QW9jNV@`0\k[ÓM1Vu[ﬀM1\1[]W9jNK#W9QSV@[bL½ ¡ V@`0\W9Pﬀ\kj:¸QW9PÓV]W9P@\kj.`0\1V0MkP@\1nQRM1K1O\k~0QSr@\1[ﬀM1\1Y
OSQUÀ0\W9P0\M1Vu['L9WEKk[]WIjNKﬂW9QUV'LV@8Ê|Yo0Y sL.K1[@r δÍµ^_&LNQa`b[$c<\ﬂWK1O3½'0@@¢0Kk·NYW9P@\LN\"r0KﬂWEK"QU[@r@QRM1KﬂWE\pW9P@KﬂW δ X3ÈS
~0K1Oa_=\ﬀL&¸\kj-\8_'[ﬀK 9E\]M#WE\1rHo@c"n\ﬂWEK1nV@j5T@P@Q3LNnÁK [ﬀr³¸K]LD[ﬀV]Wj-\kOU\K]LN\+rr]_0jNQU[@`mL_0o0r]_=MﬂWEQUV@[r@V$¸p[HWEVÄ@pÀ@n
r@\kT$W9P'½
 
ÜR­±1Û	­­ªÜSÙ
Ø
°
Ø
Ú¨±1Ù
Ø
± 	RÛ	­ÜRÙ
Ø
­
QU`$_0jN\Lm´K [ﬀr?¢?LNP@V$¸ W9PﬀKﬂW(l$»¼¿LN\;j5T0\1[]WEQ[@QUÑ\+r¾T0\kjNQUr@V$W9QWE\]Lwr@Q3L5T0ORK+c¾KLNOUQU`bPWmQU[0MkjN\+K]LN\²QU[¾o$_=OUÀ¼
M1Vu[ﬀM1\1[]W9jNKW9QUV@['LÓK1[@r/jN\1OUKﬂWEQ~u\1OcÁM1V@['LWEKk[W δ X3ÈS ~uK1O_=\LÓr@\]L5T0QWE\K¾ORKkj5`0\¼~0KkjNQRKko0QUOSQW9c6QU[/¶ d ÎM1V@[]WE\k[Wª½
s8V@[bLNQRr@\kjNQU[$`wW9P@KﬂWBW9Pﬀ\"QU[@MkjN\+KﬀL-\"QU[mÌM1Vu[WE\k[]WQU[mW9P@\"nV'LWP$cur$jNKﬂWE\1r!LNK1npT0OS\$LQ3LjN\1K1ORYW9P@Q3LHL9_0`@`0\ﬀL9WNL8W9PﬀKﬂW
W9P@\m o$_=r$`0\#WM1V$_0OUriou\!M1Vu[W9jNV@OOR\1r²o@c²W9P@\ŁLN\kjET0\ [W9QU[bQUÑKﬂWEQUV@[²T@jNV0M1\]LL½ 5[M+Vu[W9jNK]LWEYFW9Pﬀ\(£ﬁj5jEV¼¡ V$o$o0QUV
LN\kj5T0\;[]WEQ[@QUÑe\1r T0\kjNQUr@V$W9QWE\]LAK1[@r ¶.J ncﬀOUVb[@QWEQRM LN\1j5T0\k[W5QU[@QWE\]LAruQ3LETbORKkcÕKÉn"K;j5À0\1rÖ[@\k`0KﬂWEQa~0\ÉOSQU[0\1K;j
M1Vuj9jN\1OUKﬂWEQUV@[¨o0\#W3¸\1\1[mËK1[@r¨¶
d
¹M1V@[]WE\k[WNL.KWHLEQUn"QSO Kkj δ X ÈSÐZ|K1O_=\]L#½'\ P$cur$jNKﬂW9QUV@[CT@jNV0M1\]LªLN\$L.KﬂWRWE\k[@r@QU[@`
L_@o0r]_¦MﬂW9QUV@[ÂK;jN\³_=[@OSQUÀ0\1OcWEVÐ\#@T0OUK1Q[¹W9P@Q3LM1VujEjN\kOUKkW9QUV@[ÂK]LW9P@\³¶.JÖnpc0OUV0[@QWE\]L?LNPﬀVﬀ¸ KLNQa`0[@QSEQSM+K [W
\k[$jNQRM1P@n"\1[W.Q[C¸KﬂWE\kj|M1V@npT0KkjN\1rCW9VCW9P@\¨OUV$¸ LW9j-KkQU[ŁT0\kjNQUr@V$W9QWE\]L½»\mjNKﬂW9Pﬀ\kjp9Kk~0V@jW9P@\wQUr@\KW9PﬀKﬂWÉOUV'LL
3jNVbnÂOUV$¸ÌLW9jNKkQU[!Lª\kj5T0\k[W5QU[@QUÑ\1rwT0\kjNQSr@V$W9QWE\]LBWV¨¶HJ¥nc0OVb[@QWEQSMmLN\kjET0\ [W5QU[@QWE\LM1K1[mo=\"r]_=\pW9VCr@\k9V@jNnKﬂWEQUV@['½
\+M1Vu`@[@Q}W5QUV@[¨W9PﬀKﬂWW9P@\¶.Jº~u\ QU[ÓM1V@[]WEK1QU[bLW9Pﬀ\¨LªK1n"\ÉK1nV$_0[]WW9PﬀKk[¨W9P@\mOUV$¸NLW9jNKkQU[CT0\;jQRr@V$W9QWE\¨L_0`@`0\LWNL
W9P@KﬂWÓ OUV'LLKﬂW3WE\k[ﬀruQU[$`Ìnpc0OUVb[@QWEQUÑKﬂWEQUV@[ÂV@ŁW9P@\6OUV$¸L9W9jNKkQU[ÐL-\kj5T0\1[]WEQU[@QUÑ\1r¹T0\kjNQUr@V$W9QWE\]LQU[]WEVW9Pﬀ\³¶.J
nc0OUVb[@Q}WE\]LM1V$_0OUr"o0\:ouK1OSK1[ﬀM]\+ro@cpFW9j-KkT@TbQU[e`mQ[W9P@\:¶.JC~u\ QU['L½uz.OWE\kjN[ﬀKﬂW5Qa~u\ OUc0Yu¦j 'Pﬀ5vjN\1\1[\ﬂWDK1O3½@µ90@#·
L_0`@`0\]L9WE\1r¨W9P@KﬂWDW3¸|V<9O_=QSrŁL-Vﬀ_0jNM+\]L.M1V$_0OUr§ou\{QU[$~uVbOa~=\]rCQU[¨W9Pﬀ\{P$cur$jNKﬂW9QUV@[CT@jNV0M1\]LªLN\]L.V0IW9Pﬀ\£BjEj5V!¡ V$o$o0QUV
T0\kjNQUr@VﬀW9Q}WE\]L#½$zWceT0QRM1K1O	VbM+\1Kk[@QRMH5Oa_=QSrVujEQa`bQU[wKﬂWRWE\k[@r@QU[@`mnQSr@EVbM1\+Kk[@QRM:jNQRr$`0\HP$c0r$j-V]W9P@\kjNnK1O	M1QUjNMﬂ_=ORKﬂW5QVu[K1[0r
KHr@\kP$cur$jNKﬂWEQUV@[]Ç9M+VbnpT0K1MﬂWEQUV@[@5r@\;jQa~u\1r"Oa_=QRrjN\1OR\1K$LN\1r"QU[pW9P@\pLN\+ruQRn"\1[WEKkj5cK1M1Mkj-\ﬂW5QVu[ﬀKkj5cp¸\+r$`0\HK1[@rr$jNQ~0QU[0`
LN\1M1V@[@r@K;j-c LN\kj5T0\1[W9Q[@QUÑeKﬂW9QUV@[QU[ºW9P@\²9Vuj-\1KkjNM!jN\k`0QUVu[=½8E[iW9P@Q3LwnV0r@\ ORY8W9Pﬀ\i9QUjLW9O_=QRr?LNV$_0jNM1\§¸V$_0OUrou\
jN\]L5T0V@[bLNQao=OR\H9Vuj W9P@\.Q[ﬀMkjN\1KLª\HV@W9Pﬀ\8M1V@[]WE\;[]WDV@W9Pﬀ\L-\kj5T0\1[]W9QU[@QWE\$L ¸QWEPpW9P@\.r@\k`@jN\1\.V@ P$c0r$jNKﬂWEQUV@[Vu	W9P0\
LNK1nTbOR\]L7µlu»ÒLNK1nTbOR\]LE·#½	¡ P0\"V@j5Qa`0Q[ÓK1[@rCOUV0M1KﬂWEQUV@[CV0 ÉQU[¨W9P@\¨L-\kj5T0\1[]W9QU[@QWE\$LQ3L_=[$À0[@V$¸p[wo$_@WM1V$_=OUr
jN\]LNQUr@\$LCQU[W9P@\¾L-\1K1OS\+r ~uVbQUrbL!K1[ﬀr?MkjNK+MkÀ'LCT@jNV0r]_=M1\1r¼o@cW9P0\Lª\kjET0\k[]WEQU[@QÑ KﬂW5QVu[T@jNV0M1\]LªL!K]L!QW{K]L¨o=\+\ [
T@jNVuTﬀV¦L-\1rF9V@jCK1s8Owr0\kjNQa~0\1r3jNVbn L-\1Kﬂ¸KﬂWE\;j²µl@P@K;j5T  ^K;j[ﬀ\]L²0@$@·#½¡ P@\FL-\M1Vu[ﬀr65Oa_'QUr¹L-Vﬀ_0jNM+\
Vuj5Q `bQU[0KﬂW9QU[$`QU[W9Pﬀ\KM1MkjN\ﬂW9QVu[0Kkj5c.¸\1r$`0\8¸Vﬀ_=OUrP@Kk~0\QS[W9jNVbr]_=M+\1rpn\ﬂWEK1nV@j5T@P@QRM8¸KﬂWE\;jQa[WEVHW9P@\r@\19VujNnQU[@`
OUVﬀ¸L9W9jNK1Q[|T0\kjNQSr@V]W9Q}WE\1Yﬀ¸|P@QRM1P"Q3LD[@V$¸?o=\1QU[$`mS_0jW9Pﬀ\kjBLª\kj5T0\k[W5QU[@QUÑ\1r'½e¡ P@QLﬁOa_=QRr¸Vﬀ_0OUrou\T0VbV@j QU[³WEVHW9Pﬀ\
r@\k`@jN\1\mQWQ3L.[@V$W7r@\kj5Qa~0\+r<3jNVbnÌr@\1P$cur$jNKﬂWEQ[e`Łn\ﬂWEK]L-\ruQUn\1[]WEKkj5c(TbPﬀ\ [e`bQ}WE\1Y¸P@QSM1P!Q3LW9P@\mn"K1QU[wÉMKkj5jNQU\;j
µLN\1\Ho=\1OUV$¸p·½u^cT0KkjWEOacmT=\kjNM1V@ORKﬂW9QU[$`mW9P@\pT@jN\15\k0Q3LWEQU[@`¨P$cur$jNV]W9P@\;jnK OROcu5r@\kjNQa~=\1r§L-\kj5T0\1[]WEQU[@QWE\1Y	T0KkjWﬁV@4W9Pﬀ\
³¸Vﬀ_0OUrHou\T@jNVu`@j-\]LLNQa~0\1OUc"OR\1K+M Pﬀ\1rVﬀ_@W¦V@¦W9Pﬀ\r@\19Vuj9n"QU[@`p¶HJ§ncﬀOUVb[@QWE\$LDK1[ﬀr\#@T0\1OSOR\1rQ[WEVHW9P@\OUV0M1K1O$¶pJ
~0\1QU['L#½
s8V@[bL9W9jNKkQU[]WNLVu[W9P@\FTﬀV]WE\k[]W9QK O!jNV@OR\6V@\+eWE\kj5[ﬀK OUOUc=5r@\kj5Qa~=\1rÂOa_=QRrÐLNV$_0jNM1\]Lr]_0j5QU[$`¹£ﬁj5j5VÌ¡ V$o$o0QUV
r@\ﬂ¸K#WE\kj5QU[$`mT@jNV0M1\]LªLN\]LK#WSWE\k[ﬀruQU[$`m~0\1QU[w9VujNnKﬂWEQUV@[mM1K1["ou\pK1M1P@QR\+~u\1r_&LNQ[@`wQ3LNV$W9V@T0\Lc=LWE\1nKﬂWEQUM]LIK1[@rW9jNK1M+\
\ O\ n\1[]WM1P@Kkj-K1MﬂWE\kjNQSLNQWEQRM]LVb:£ﬁj5jNV¡ Vﬀoeo0QUVºjNV0MkÀ'LK1[0rL9_0j5jNV$_0[@r@QU[$`nK 9QRMŁK1[@r¼n\ﬂWEK]L-\1r@Qn\1[]WEK;j-c¥jNV0MkÀ
T@jNV]W9V@OUQW9P'L#½5[V@jNr@\kj	W9V"\#~0K1Oa_=KﬂWE\8W9P@\T0V'LLNQao0OR\HLNV$_0jNM1\.Vu&[@QW9jNV@`0\k[QU[$~0VbOa~0\+rQU[~u\ QU[9VujNnKﬂWEQUVu[r]_0jQU[e`¶.J
n"\#WEK nVuj5T@P@Q3LNnYW9Pﬀ\§Q3L-VﬀWVuT@QUM(M1VbnpT0V'LNQWEQUVu[¥VbW9P@\!L5W3_=r$QU\1r¼lu»ÍK1[@r<£ﬁj5jEVº¡ V$o$o0QUV¼LN\;j5T0\1[]WEQ[@Q}WE\]LKkj-\
TbOUV$WSWE\+rAW9V@`0\W9P@\kj¼¸QW9P¹W9PﬀKﬂWV@¼n\ﬂWEK]L-\1r@Qn\1[]WEK;j-cÌjEV0MkÀ'L´µ^_	LNQa`0[$cÌ\ﬂWK1O3½}Y<0@@¢@Kk·´Kk[ﬀrÐV@T@P$QUV0OQ}W5Q M
n"\#WEKk`0Kﬂo@o@j-V¦Lµ^_	LNQU`0[$c0@$

_0[$T$_0o0OSQ3LNP0\1rr@KﬂWEKk·j-VunÉW9P@\ŁL-K n\²l0M1P@QL9WE\]Lpt _&LW9jNx]L[ﬀKkT@T0\$½&QU`$_0jN\Ł
L5P@V$¸L8W9PﬀKﬂWK"9O_'QRr@5r@\;jQa~=\1r(M1Vu[WEK1nQU[0KﬂWEQUV@[CK;jQ3LNQU[@`!j-VunÍ\ Q}W9P0\kjn\ﬂWEK]L-\1r@QSn\1[]WNL7Vujn\ﬂWEKk`0Kﬂo@oﬀjNV'LM1V$_0ORr
K1M1M1V$_0[]W9VujW9Pﬀ\HV$o'L-\kj~0\+r δ X3ÈSF~uK1O_=\.V@W9P@\¶.JC~0\1QS[=½]&QU`$_0jN\H¤TbOVﬀWNLW9Pﬀ\HV$@ce`0\1["Q3LNV$W9V@T@QUM.M1Vun|T0V¦LNQWEQUVb[
Vu¨W9Pﬀ\¾£BjEj5V¡ V$o$o0QUVÒVbM1\+Kk[@QRMFLN\kj5T0\1[W5QU[@QWE\]L-Y¶HJ LN\kj5T0\;[]WEQ[ﬀ\$LK1[@rF~0\1QU['LŁWEV@`0\W9Pﬀ\kj<¸Q}W9PK]L#LNV0M1QUKﬂWE\1r
\1M1OUVu`0QWEQUM¨n\ﬂWEKk`0K#o@o@jNV'L|Vu	j 'Pﬀ5v:j-\1\1[Ł\#W.K1OUYBµ0@#·|K]L¸\ OUOK]LW9P@\mjNK1[$`0\wVb δ X3Ï5~0K1Oa_=\$L|VbzHOUT0QU[0\
n"\#WEK]LN\1r@QSn\1[]WEK;jcÓjNVbM;À'LpV@¶\ [ej5c²\#W.K1Oµk;Ä@Ä@¤$·#½¡P@\¨jNK;[$`=\¨Vb δ X3Ï5ÂV@W9P@\"¶HJÃL-\kj5T0\1[]WEQU[@QWE\{~0\1QU['LQL
LNQnQSORKkjBW9V"W9P@K#WﬁVuL_0j5j-Vﬀ_0[ﬀruQU[$`(n\ﬂWEKk`0Kko@o@j-V¦LBoe_@W~u\kj5cwr@QE5\kj-\ [WB3j-Vun6W9P@\H¶.Jn\ﬂWEK]L-\1r@QSn\1[]WNLBo@c(nVuj-\
W9P@Kk[/;ŁWEVº0# ½ 5[M1V@[]W9jNKLWW9VÓYI¸|P@QSM1PQ3LK(W9j-K1M1\!\1OS\1n\1[]WEYP@\1[@M1\²LN\1[bLNQ}W5Qa~=\¨WEVº9O_=QRriT@j-VbM1\LLN\LNY
Vﬀ@ce`0\1[¨Q3L7KnKﬂﬁNV@jHL_0T@T0V@j3W9Q[e`C\1OR\1n\ [WV@LNQROSQRM1KﬂWE\pn"QU[0\kj-K O3L½uhV0r@Q9c0Q[@`mW9P@\ δ X3ÏELNQU`b[ﬀKﬂW3_0jN\VuﬁKpjNV0MkÀ
¸V$_0OUrpjN\1]_=Qajª\:n._	M1Pp`@jN\+KﬂWE\kjD]_=Kk[W9QW5Q\ﬀL4Vu&\k=M1P@K1[$`0QS[e`"nKﬂWE\kjNQUK1O3½ \ﬂWEY@QU KOa_=QSrpT0P@K$LN\r@\;jQa~=\1r3jNVbn?W9Pﬀ\
LN\1r@QUn"\1[WNLB¸K]LT=\kjNM1V@ORKﬂW9QU[$`¨W9Pﬀ\|_=OW9jNK1nK1QRMﬂÇ `'Kko@oﬀjNVuQM{LN\+]_=\ [ﬀM\1YV@[@\H¸Vﬀ_=OUrC\k@T0\+MﬂWWV<LN\+\K1[w\15E\1MﬂWIVu[
W9P@\"¶HJ/L-\kj5T0\1[]WEQU[@QWE\{~u\ QU[Q3LNV$W9V@T@QUM¨M+VbnpT0V'LNQW5QVu[=½sVu[0LNQUr0\kjNQ[e`<W9PﬀKﬂWW9Pﬀ\<LN\1r@QSn\1[]WNL δ X3Ï5¹~0K1Oa_=\ﬀL.jNK1[e`0\
o0\ﬂW3¸\1\1[C1|Kk[@rp0# ÃY0Kk[@rHW9PﬀKﬂW'W9P@\PﬀV¦L9WDLN\kj5T0\;[]W9QU[@QW-\ δ X3Ï5¼~0K1Oa_=\]L jNK1[e`0\8o=\ﬂW3¸\+\k["|Kk[@r"Å  ÃY0KOa_=QSrV@
LN\1r@QUn"\1[WEKkj5cwV@j5Qa`0Q[wM+Vu[W9jNVuOUORQ[@`"¶.J¼L-\kj5T0\1[]W9QU[@QWE\p~0\1QS[m9V@jNnKﬂW9QUV@[CLNP@V$_'OUr"T@j-Vbr]_=M1\|KP@QU`0P@\kj X3Ï FQRnpT@jNQ[W
W9P@Kk[mW9P@\mL_0j5jNV$_0[@r@QU[$`¨¶.Jnc@OVb[@QWE\$L#½	¡ P@\p¶HJ²~=\1QU[ŁL5PﬀVﬀ¸L7K{LNQU`b[@QU5QRMK1[]W9Oac!OUV$¸\kj δ X3Ï5A~uK1O_=\L8W9PﬀK [(QWL
P@V'LWnpc@OUVb[@Q}W5QRM¨LN\;j5T0\1[]WEQ[@Q}WE\1Y¸P@QRM1PCQ3L.KﬂWV0r@r{¸QW9P§K{LN\+ruQRn"\1[WEKkj5cC5Oa_=QRrCM1VbnpT0V@[@\1[WQU[$~uVbOa~0\1r!Q[wW9P@\1QUj
LNV$_0jNM1\$½|¡4Pﬀ\¾9K1MﬂWwW9P@K#WmW9P@\º¶HJÒ~=\1Q['LLNP@V$¸ÎW9Pﬀ\ L-K1n\¼jNK1[$`0\?V@ δ X3Ï5 ~0K1Oa_=\]L¥K]LCW9P@\/L_0j5jNV$_0[@r@QU[@`
n"\#WEKk`0Kﬂo@o@j-V¦L.L_0`@`0\$LWNL7K"OUV0M1K1O4o@_=95\kjNQU[@`Co@c¨W9Pﬀ\{n\ﬂWEKk`0Kﬂoeo@jNV'L#½b=_0jW9P@\kj.L_0T@T0V@jWNL9Vuj7K"OUVbM+K ODV@jNQa`0Q[§Vb
W9P@\H9Oa_'QRrbLK;jQ3L-\]L3jNVbn/W9P@\pORKkj5`0\jNK1[$`0\.Vb δ X Ï5/VbW9P0\pLN\;j5T0\1[]WEQ[@Q}WE\:~0\1QU['LNY	P@\1[@M1\.OSK;j5`0\pP@\ﬂWE\kj-Vu`0\k[ﬀ\1QWcVb
W9P@\?~0\1QU['LNY{¸P@QRM1P¹Q3L¼ou\ﬀL9WK1M+M1Vﬀ_0[WE\1r9V@j²o@cÂKÃjN\1OUKﬂWEQ~u\1OcÌLNnK ORORLNMK1OR\FV@²Q3LNV$WEVuT@QUMÃ\1]_=QSORQoﬀjªKﬂW9QUV@['½
5[$~0VbOa~u\ n\1[]WﬁV@DKH`0Kko@o@j-VuQRMpM1V0npT0Vu[ﬀ\1[]WﬁQ[W9P@\p9V@jnKﬂW9QVu[VbW9P@\:¶.JŁ~u\1Q['LQ3LK1O3LNVCL_0T@T0V@jWE\1reYK;OW9P@V$_0`bP
[@V$W(r@\knV@[bLW9j-KﬂWE\1r@Y:o@cW9P@\²W9jNK1M1\¼\1OR\1n\ [W(M1V@npT0V¦LEQWEQUVb[/V@"W9P@\º~u\ QU['L½HzLŁLNP@V$¸|[/Q[?&QU`$_0jN\¼@YHW9Pﬀ\
[@V@jnK OUQUÑe\1rW9jNK1M+\p\kOR\1n"\1[WDT0KWRWE\kj5[mV@W9P@\£Bj9j5Vw¡ V$o$o0QUV"¶HJ!~u\ QU['LIruQ3LNT0OSKkcKHT0V'LNQWEQ~u\p¡Q	K1[ﬀVbnK1Oc¸P@QRM P
QL[@V$WﬁT@jN\]LN\;[]WQU["W9P@\P@V'LWD¶HJLN\kjET0\k[]WEQU[@QWE\]Lµl0M1K1npo	\1OUOa_0jNQ \ﬂWIK1O3½}Y0@#·#½=¡4P@QSLQ3Lo0\LWI\ﬂ@T0ORK QU[0\1r¨o@cmW9Pﬀ\
Q[$~uVbOa~=\1n"\1[WÒVuÂL9_0j5jNV$_0[@r@Q[e`Î&\15¡QÃn\ﬂWEKk`0Kﬂo@oﬀjªV¦LÍµl0M1K1npo0\1OSOa_0jNQÃ\ﬂWÒK1O3½}Y¹;Ä@Äb·¹j-KﬂW9P@\kjW9P@Kk[ K
n"\#WEK]LN\1r@QSn\1[]WEK;jcCL-Vﬀ_0jNM+\$½$»´\pM1V@[@M1Oa_=r@\HW9P@KﬂW W9Pﬀ\:¶pJ!~0\1QU[CQ3LBT@jNV$o0Kko0OUcw[@V$WDjN\kT@jN\]L-\k[]WEK#W9Q~u\pVb W9P@\p5Oa_=QUr¦L
jN\1OU\1K$LN\1r(r]_0jQU[e`<nc0OUVb[@QWEQUÑKﬂWEQUV@['½'5[(Vﬀ_0j~0QR\ﬂ¸YW9Pﬀ\"nV'LWOUQÀ0\1OUc!\k@T0ORK1[0KﬂW9QUV@[CQ3LW9P@KﬂW8r@\ 9V@j5nK#W5QUV@[CQ3LW9Pﬀ\
À0\+cT=KkjNK1n\ﬂWE\kj W9VwK1M1M1V$_0[]WD9V@jW9Pﬀ\H[0\k`0KﬂWEQa~0\pM1V@j5jN\1OUK#W9QUVb["o0\#W3¸\1\1[¶
d
mK1[ﬀr5M1V@[]WE\k[WNL9Vﬀ_0[ﬀr{QU[m&Q`$_0j-\
	½'5[@Mkj-\1K]LNQU[@`¨¸KﬂWE\kjM+Vu[1WE\k[WnKkc!P0Kk~0\\ [@PﬀK1[@M1\1r(rb\19V@j5nKﬂW9QUV@[@Y¸P@QRM1PCQU[¨WE\kj5nmLnKkc(P0K+~u\"5Kk~uVujN\+r"
jN\1OU\1K$LN\1rÃ3jNVbnÎW9P@\¼jEVbMkÀ;T0VujEV¦LEQW9c´Vuj(nQU[0\kj-K OwL5W9j_=MW3_@jN\r@\kT0\k[ﬀruQU[e`6Vbm¸|P@\kjN\² Q3LŁOVbM1K1ORQÑ \1rFQS[
LN\kj5T0\;[]WEQ[@Q}WE\ﬀL½@¡ P@QLﬁnV0r@\ O0jN\1OUQR\ﬀLﬁP@\1Kk~0QROcV@[pW9P@\.K]L#L5_'n|T$W5QUV@[pW9P@KﬂW4Kﬂ~0K1QUORKko0OS\.r@KﬂWEK.Vu[T@jN\LN\k[WE5r@KﬂcK1OWE\kj-\1r
T0\kjNQUr@VﬀW9Q}WE\]LB3jNV0nFW9P@\"l@»¼9/M+Vﬀ_0OUr"o0\|\+eWE\k[@r0\1rWV"zHOUT0Q[0\LNK1nTbOR\$L#½@z.r@r@QW5QVb[@K1O LW3_=r@QU\$LKkj-\HjN\1]_=QajN\1rWV
WE\]L3W'W9P@QSLDK]L#L9_'nT$W9QUV@['½
¡ P@\8£ﬁj5jNV¡ Vﬀoeo0QUV_=OW9jNK1nK1QRM$LLW3_=r$QR\1rP@\kjN\K1[ﬀr"K]L#L-VbM1QUKﬂWE\+rn\ﬂWEK]L-\1ruQUn\1[]WNLD3jNVbn/W9P@\pl0M1P@Q3LWE\]L t _	L9W9jNx]L
[@KkT@T0\²QU[$~=\]LWEQa`0KﬂWE\1r²o@c¼^_	LNQ`0[$c´\ﬂWK O ½Yµ90@@¢@Kk·mM1K;[ºo=\ŁM1V@[bLNQRr0\kjN\1rK]LmjN\kT@j-\]LN\1[]WEK#W9Q~u\ŁVb|T@jNVbM+\]LL-\ﬀL
K1MﬂW9Qa~0\wr@Vﬀ¸[§WEVCW9P@\wr@\kT$W9PŁOVbMﬂ_	L|V@Q3LORK1[@rÓKkjNM¨nK1`bnKﬂW5QRLNn µ5Q3½a\$½Ä@@k;@<À0nÉr@\;T$W9P$·pQU[²nV'LW.nV0r@\kj5[
L_@o0r]_¦MﬂW9QUV@[mÑV@[@\]L½07_0j ÒQL-VﬀWEV@T0\pKk[ﬀK1Oc=LNQ3LVbBLª\kj5T0\k[W5QU[@QWE\LM1Vﬀ_0T@OR\1r¸QW5P δ X3Ï56L5c'L9WE\ nKﬂW5QMﬀLI\1[$~0QLªK;`0\ﬀL
W9P@\"QU[$~0VbOa~u\ n\1[]WIV@K"nK 9QRM"µ5M;j_	LWEK1Oa·7M1Vun|T0Vu[0\1[]W8r _0jNQU[$`CT0Kkj9W9QUK1ODr@\]LN\kjET0\ [W5QU[@QUÑKﬂWEQUV@[CV@W9Pﬀ\{L_0o0r]_=M#WE\1r
VbM1\+Kk[@QRM"n"K1[W9OS\KﬂWBW9Pﬀ\"r@\kT$W9PCOVbMﬂ_	L7V@8Q3LNORK1[@rCK;jNM"nmKk`0nKﬂWEQSLNnw½	¡ P@QL:r@Vb\]L[@V$W[ﬀ\1M1\]L#L-KkjNQOUc!QSnT0Oc!ORKkjE`0\
LNM1K1OR\º9O_00\$L(K]LmW9P@\n\ﬂWEKk`0Kﬂo@oﬀjNV'LCK;jN\LET0KﬂW9QUK1OSOUc´K$L#LNV0M1QUKﬂWE\1r¼¸pQW9P¼W9Pﬀ\ºKk[0K1OUc@Ñ\1r/LN\kjET0\ [W5QU[@QWE\LNYHjNK#W9P@\kj
T@jN\]LN\;j~0KﬂWEQUV@[VbT@jN\L_0o0r]_=MﬂWEQUV@["M1Pﬀ\ nQRM1K1O	K1[@r"Q3LNV$W9V@T$QRMHPﬀ\ﬂWE\kjNV@`0\k[@\1QWEQU\$LﬁVu[KHOVbM1K1OL-M1K1OR\pK]Lﬁr@VbM#_'n\1[WE\1r
Q[z.OUTbQU[0\Łn\ﬂWEK]L-\1ruQRn\ [WNLmµ3^8_	LNQU`0[$c\#WK1O3½}Y0@@¢@K ·Kk[@r¼QU[nK EQSM!T@jNV$W9V@OQ}W5P0Lmµ5\e½ `	½}Y8J&P@QUOSQUT@T0V$WEY";Ä@Ä@¢

^K;j5[@QRM1VbK#WKk[@rÌsKkjW3¸|j5Qa`0P]WEY¼;Ä@Ä@

l0M1K1npo=\1OSOa_0jNQŁK1[ﬀrJ P@QSORQaT@T0V$WEY§0@#·ª½w¡4Pﬀ\³¶.J ~=\1QU[ÌM1Vu[WEK1Q['L
n"\#WEK nVuj5T@P@QRMCV0OQa~=QU[0\{W9P@KﬂW|9V@j5n\1rKﬂWW9P@\(\ﬂ@T0\1['LN\!V@.K1[]WEQa`0VujEQWE\CKﬂW|nQ[@QRnp_'n T@jN\$LL9_0jN\CVb.KkouVﬀ_@W.	½a
v7JK$½	¡ P@QSLQU[0r@QSM+KﬂWE\]LW9P@KﬂWDÌM;Vﬀ_0Or(ou\jN\+M+cuM1OS\+rCM1V@[$W9Q[_=Vﬀ_	LNOac!QU[WEV§[ﬀ\ﬂ¸OUcC9V@jNn"\+r{¶HJnQU[0\kjNK1O3Lr]_0jNQU[@`
L_@o0r]_¦MﬂW9QUV@[¨WEVC`@jN\1KW7r@\kT]W9PﬀY4Pﬀ\k[@M+\¨L_0T@T0V@jW9QU[$`CW9P@\"[0V]W9QUV@[¨W9PﬀKﬂWﬁÔL9W9V$jN\+r§QU[¨_=OW9jNK1nK15QRM"jNV0MkÀ'L.M;V$_0OUr§ou\
L_@o0r]_¦MﬂWE\1rp9KkjDr@\+\kT0\kjW9P@K;[HW9P@\r@\kT$W9P|OUVbM#_	LDVu&Q3LNOSK1[ﬀr"KkjNMnKk`bnKﬂWEQSLNnw½
¡ P@\wjNVuO\CVupL-\kj5T0\1[]WEQU[@QWE\]LQU[Łj-\1Mkc0M]OUQU[@`[@QW9jNV@`0\k[²Kk[ﬀr²V]W9P@\kj.~0VbOUK#W5QUOR\]LQU[¼L_0o0r]_=MﬂWEQUV@[ŁÑV@[@\LpjN\1nK1QU[L
OSK;j5`0\1Oc_'[eÀb[ﬀVﬀ¸|[´r]_=\¥WEV?OKkj5`0\Ł_'[ﬀM1\kjWEK1QU[]W9QR\]L(Q[ \$LW9QUnKﬂW5QU[e`¾W9P@\r@\k`@jN\+\ºVbwLN\kjET0\ [W5QU[@QUÑKﬂWEQUV@[´VbW9Pﬀ\
VbM1\+Kk[@QRMHOUQW5PﬀV¦LETbPﬀ\kjN\.µhxk~u\ OYb0@@¢$·#½$5[9K$LWBLET@jN\1K1r@QU[$`jQr$`'\]L-Y'nV¦L9WD\ﬂ~0Qrb\1[@M+\L9_0`@`0\ﬀL9WNL W9P@KﬂW	W9P@\.Mkj_	L9W QSL
OSKkcu\kjN\1rK1[@rM1Vu[0LNQ3LWNLV@p\k$W9j9_	LNQ~u\§ouKﬀL-K1OWNLNYK<r@QaÀ=\ŁM1V@npT0OR\+K1[ﬀrºK!n"KLLNQa~=\C`0K+o@oﬀjNV¼OUKkc0\kjV$~0\kjNOac0QU[@`
n"K1[W5OU\T=\kjNQUr@V$W9QWE\]L-Yﬀ¸Q}W9P"OUQW3WEOU\H\k~0QRr@\1[@M1\.V@LN\;j5T0\1[]WEQ[@QUÑ\+rT0\kjNQUr@V$W9QWE\]L½]5[M1V@[]W9j-K]LWYbsKk[@[ﬀKﬂW\ﬂWK O ½Y0µk;ÄbÅe$·
L_0`@`0\]L9WE\1rp9VujDOUV$¸6L5T@j-\1K1r@Q[e`jNKﬂWE\]L	W9P@KﬂW\ﬂﬀT0V¦L9_0jN\V@ LN\kjET0\k[]WEQU[@QWE\$LDM1V$_0OUrpjN\kT@jN\]L-\1[]W&0 ﬃÂV@'W9P@\HLN\+K 9OUV0Vuj-Y
W9P@KﬂWDQSLIKko0V$_@WB D1 ﬃÉQa["~uVbO_=n\pVuW9Pﬀ\pMkj_	L9Wª½@5["nV0r@\kj5[\1[$~0QajNV@[@n"\1[WEYM;V@[bLNQRr@\kjNQU[$`"W9P@\H~uK]LWﬁ\ﬂeWE\k['LNQUVb[
VuB9K$L9WLET@jN\1K1r@QU[$`wjQr$`0\M+VbnpT0KkjN\HWEVCLNOUV$¸ÒKk[@r"_=OW9jNK]LNOUV$¸ÂLET@jN\1K1r@QU[@`¨jNQUr$`0\]L.L_0`@`0\LWNLBW9P@K#W W9P@\r@\k`@jN\1\V@
LN\kj5T0\;[]WEQ[@QUÑeKﬂW9QUV@[¼LNP@V$_=OUrº[@V$W\ﬂ0M1\+\1rºK!9\ﬂ¸ ﬃ V@:W P@\<ORQWEP@V'L5T@P@\;jN\!µhxk~0\1ORY8T0\;jL#½ﬁM1Vunnm½ ·#½ £L9W9QUn"K#WE\1r
5Oa_bu\]LV@Bo0K]LªK1OWNL7K1[@r¨`0K#o@o@jNV'LK;jN\VuW9Pﬀ\"V@jNr@\kjV@B	½}º;'X

Kk[ﬀr¨	½}º;'X

`$ÇScejNYjN\]LET0\1MﬂW9Qa~0\1OUc!µJ\1K+M1VbM;À0Y
;Ä@Ä@$·#½sV@[bLNQUr@\;jQU[@`CW9P@K#WHL-\kj5T0\1[]WEQU[@QUÑ\1r<T0\;jQr@VﬀW9QWE\LHj-\kT@jN\]L-\k[]W. ﬃ KﬂW7nV¦L9W7VuBW9P@\mV0M1\1K1[@QRMmOSQWEP@V'L5T@P0\kj-\
OS\+K1r¦LWEV!K9Oa_b§VuL-\kj5T0\1[]WEQU[@QWE\]L7VbKko0V$_@W¢b½}º;'X ÈI`$Ç3cej#½	sV@[bLNQRr@\kjNQU[$`ÓK"n\1K1["ËM1V@[@M1\1[]W9j-KﬂW9QUV@[CV@¢'½ 
T@Tbn 9VujCL-\kj5T0\k[W5QU[@QWE\$Lmj-\]L_=OWNLwKCÎ5Oa_0´\]L9W5QUnKﬂWE\]L(V@"KkouVﬀ_@WÄ6; m`$ÇRc$j½¡ P@Q3L{~uK1O_=\²Q3Lm´Vuj-r@\kjmV@
n"K;`b[@QW3_=r@\.OUVﬀ¸\kj W9P@Kk[pW9Pﬀ\LN\1r@QSn\1[]WEK;jc.5Oa_bµ5'½ !; X5X `$ÇScejNYu^_	LNQU`b[$c\ﬂW4KkO3½}Yb0@@¢@Kk·-YﬀW9P_	L8L9_0`@`0\]LWEQU[@`
W9P@KﬂW.W9P@\ÓM1Vu[W9j5Qao$_@W9QUV@[V@mLN\kj5T0\1[W9Q[@QUÑe\1rºT0\;jQr@VﬀW9QWE\L"W9ViW9Pﬀ\¨ o$_=r$`0\#W"Q3LmnQU[@V@jmM+VbnpT0KkjN\+riWEViW9P@K#WV@
LN\1r@QUn"\1[WNLK1[@rCnK1QRMjNVbM;À'L#½	s8O\1KkjNOcﬀY K1r@r@QWEQUVb[@K1ODM1V@[bL9W9jNK1QU[]WNL7Vu[mW9P@\r@\k`@jN\1\V@LN\kjET0\ [W5QU[@QUÑKﬂWEQUV@[CV@W9Pﬀ\
VbM1\+Kk[@QRM:OUQWEP@V'L5T@Pﬀ\kjN\KkjN\[ﬀ\\1r@\1rHW9VHWE\]L3W'W9PeQLP$c@T0V$W9P@\]LNQ3L#½
«±
Ø
Ù 	 +Ú  
Ø
®N­
½
»\HW9P@K1[eÀCzHOR\k0K1[ﬀr@\kjBJj-Vﬀcﬀ\kjK1[@r"W9P@\V@j5`0Kk[@QaÑ\;jLVuDW9P@\
	
E[]WE\kj5[ﬀKﬂW9QUV@[@K1O£IM1OUV@`bQWE\sV@[@9\kjN\1[@M\9V@jW9Pﬀ\
Q[$~=QWEKﬂWEQUV@["WEV¨T0K#jW9QUM1QUT=KﬂWE\HW9V"W9P@\n\1\ﬂWEQ[e`CK1[ﬀrWEV¨T@j-\ L-\ [WKpT0KkT0\;jQU["W9P@Q3L8~uVbO_=n"\e½'¡ P@QLT0KkT0\kjo0\1[@\15Q}WE\1r
3jNVbn6W9P@\M1Vbnn\1[]WNLV@4W3¸VCKk[ﬀVu[$cﬀnV$_LjN\k~0QR\ﬂ¸\kjL½	¡4P@Q3LB¸Vuj5Àm¸K]LL_0T@T0V@jWE\+ro@cw3wl$Es4p|l	½'¡ P@QL
QLJv7J§M1V@[]W3jEQoe_@W5QVu[[0Æ ;¢$	½
  ¯ 
Ø
± +­
	 ' "

!

  
 	


'
	



	
"
 

 



!
µ0@@¤$·7"QW9jEVu`0\k[²Q3L-VﬀWVuT@QUM!\k~0V@O_@WEQUV@[¼V@
M1KkjouVu[ﬀK1M\1Vﬀ_	LnKﬂWSWE\;jr]_@jEQ[e`!n"\#WEK nVuj5T@P@Q3LNn

h\ﬂW9P0V0r$V@OUV@`uc(K1[@rwT@jN\1OQRnQ[0K;j-c(jN\]L9_'O}WNL#½	s8Pﬀ\1nm½	vH\+VbO3½	Q[
T@jN\]LL½
	
 

'
	




"
ﬀ
ﬂﬁﬃ
  

µ90@#·¡\+MﬂW9V@[@V@n\ﬂWEKknVuj5T0P@QRMp\k~0VbO}_@W5QUV@[mV04W9Pﬀ\"l0M P@Q3L9WE\]LBt _	LW9jNxLsVbnpT0OR\+

QSnTbORQRM1KﬂWEQUVu[0L9V@jBW9P@\\ﬂﬀP]_=n"K#W5QUV@[wVb ¶HJiKk[@r".¶HJ¥jNVbM;À'LQ["W9Pﬀ\H¸\]L9WE\kj5[wzHO TL½u^_'OUO9½l0V0M$½0vH\+VuO3½@	j#½	

¤;@5¤@¢@¤'½


% 

*
	!"

$#   *&%
µk;Ä@Äb· &VbM#_	LN\1r"9Oa_'QRr"5OUV$¸Ár]_0jNQU[$`CL_0o0r]_=M#W5QUV@[

:@cﬀ`0\1["Q3LNV$W9V@T0\Hr@K#WEK:3jNV@n
P@Q`0P@9T@jN\]LL9_0jN\V@T@P@QUVbOUQWE\$LDV@¦W9Pﬀ\8¸\LWE\kj5[|zHOUT'L#½1£IKkjW9PHJ&OUK1[0\ﬂWª½@l0MkQ3½1tﬁ\ﬂW3W-½;¢$

e¢@5¤1½
 "('&
 
ﬁ

)*

"

!
µk;Ä@Ä$@·3"Q}W9j5V@`0\k[@5Q3LNV]WVuT0\|M1VunT0V'L5QWEQUV@['LVbDn\ﬂWEK]L-\1ruQRn\ [WEKkjcjNVbM;À'LQ["W9Pﬀ\s8K#WEK OUQU[=K
lbM;P@QL9WEYsK OUQR9Vuj5[@QRK

QSnTbORQRM1KﬂWEQUVu[0Lm9V@jmn\ﬂWEK1nV@j5T@P@QRM²r@\ﬂ~0VbOKﬂW5QUORQÑ KﬂW5QVu[¼P@Q3L9WEVujc=½v.\1V0MkP@QUn¨½sV'LNnV0MkP@QSnw½
z.MﬂWEKHe¤

'Åe¢@Ä@'Å0Ä0½

+
"

"
)
"


 ,
!
, ,-	
"
 )	
 

'
.,

,-	 

%
"

µk;Äb@·sV@[]~u\kjLNQUVb[AVuÓP$c0r$jNV@`0\k[@QRM³nKﬂWE\;j5QUK1O3LiWV
P$c0r$jNV@`0\k[9Vuj QRLNV$W9V@T@QUMK1[@K1Oc=LQ3L#½z.[@K1O9½$sBP0\1nm½@

;¢be¤@k;¢be'½



'0/21**1 "$3&
 4
!

"

	
 



!
µk;Ä@Ä$@·V$[@Mkj5cﬀV@`0\ [@QRMŁT$_0jNQU5QRMKﬂW9QUV@[Vb"[ﬀK1[@VbnV0OU\²]_=K1[]WEQW5Q\ﬀL(V@
[@QW9jNV@`0\k[p`0K]LD9V@j QSLNV$W9V@T@QUMK1[@K1Oc=LNQ3L#½$z.[@K1O9½$sBP0\1nm½e¤@¤

;¢@Ä@¤@k#0$	½

    
65


  
7	

	    8 8

9	
 	 ' "

!7
  



!
µ0@@¢@Kk·hK]LªLNQa~=\¨jN\1MkcﬀM1OSQU[@`Vu.[@QW9jNV@`0\k[¥Kk[0r
V]W9P@\kj9O_=QRr@5nVﬀo0QROR\\1OR\1n\ [WNLµÊ|Y¦o0Y&s7L-Y¦¶|·Q[wKMV@OUr§LNORKko(\1[$~0QUjNVu[@n\1[]W

\#~0QUr@\1[0M1\3jNV0nA¶.JŁWV{.¶HJ
VbM1\+Kk[@QRM§n\ﬂWEKLN\1r@QSn\1[]WNLVuW9P@\ŁLNM1P@Q3LWE\Lpt _	LW9jNx]L[0K;T@T0\Cµ¸\]LWE\kjE[²zHOUT	LNY£_0j-VuT0\k·ª½£K;jW9P=½JOUK1[@\ﬂWª½l0M1Q3½
tﬁ\ﬂW3WN½1 1

0@9@'½

    
:5
;

)+  
<	

	    8 8

=	

 



!
µ90@@¢]o@·wzHnV0[@Q_=nÕ]_=K [W9QU5QRM1KﬂWEQUVu[QU[?np_&LNM1V$~0QWE\io0c
Q[03jNKkj-\1r"L5T0\MﬂW9jEV¦L-M1VuT$c=½esBP@\1nw½$v.\1V@O3½;ÄbÅ

 ;5¢½

    
05
µ0@$@·sVunpT0V@j3WE\kn\1[]W`0x+VbMkP@QUnQS]_=\r@\"O> KkÑV$WE\r@Kk[bL7OS\LÑV@[@\Lr@\mL_0o0r]_=MﬂWEQUV@['½bJ&P]Í¡ P@\$LNQ3LªY
p[@Qa~=\kjLNQ}WEx8\1[@Q3LQRr@\kjNV$W9Y0¢@#T@T'½

    
?5
 	 ' "

!@A

)+  
-	
µ0@b·9B_=Kk[]W9QU5QRM1K#W9QUVb[K1[@rQ3LNV$W9V@T@QUMK1[@K1Oc=LNQL4Vb	[@QW9jNV@`0\k[Q[|jNVbM;À'LDKﬂW'W9Pﬀ\
T@TbnOR\k~0\1O'_	LNQ[@`!LN\+K OR\1r@3W3_@o0\pM1V0noe_	LWEQUV@[WE\1MkP@[@QR]_¦\

z/T@j-\ Oa_=r@\:WEVW9Pﬀ\LW3_=r]cVbDK1OWE\;jN\1rmV0M1\1Kk[@QRMMkj_	L9WEY
sIP0\1nm½ev.\1VbO3½@0¢

@0Ä@'@Åﬀ½




*
!
 !
C
"

 !
ED 
!&F "
8   
"ﬁ "
*
"
	
 	
   
"
	
  "
)



 
	= F

'

)


ﬁ
  	 
"


1 "

*


'
9
1  HG2I I J
$
¡ P@QU[Mkj_	L9WEYﬀ_0O}W9jNKknK1QRM\k@T0V'L_0jN\K;[@rpj_0`@`0\1r9Kﬂ_'O}W5QU[@`T0KﬂW3WE\#j5[bLDK#W'W9P@\8hQRr@zWEOUK1[]WEQRM
QUr$`0\µ@K  0@K5·#½evH\+VuOUV@`$c|0¢

0Ä  		½


)+  
	
LF "MN

"POQ9/

* SR 
05
/  	 ' "

!LF "
	 
"
8
"
	
9/'&

"UT
5

 



!
µ0@#·¡ P@\VujNQa`0QU[
Kk[@r¾W9Pﬀ\9V@jNnKﬂWEQUV@[/Vbwn\ﬂWEK1nVujET@P@QUM¼n"QRMkjNV0ruQK nVb[@rbL!9jNVbn W9Pﬀ\iÊ|V@À0M Pﬀ\ﬂWEKﬂ~ÃnK]L#LNQUEYÊ|KkÑK;ÀbP'L9WEKk[

K
[@QW9jNV@`0\k[Kk[ﬀrM+Kkj5o0V@[Q3L-VﬀWVuT@QUMHL9W3_=r]c=½$sP@\1nÃvp\1VbO ½;e¤

0¤be'Å	½
F "
   
"V/
µ0@@$·Z|Kkj5QUK#W5QUV@[bL7r@\"OUKM1VbnpT0V'LNQWEQUVu[(QL-VﬀWVuT@Q]_=\"r]_ÓOUQW5P@Qa_=nÂr@K1['LOU\$LT0xkjNQUr@V$W9QWE\]L7VbM1x+Kk[@QU]_¦\ﬀL
LN\kj5T0\;[]WEQ[@Q3Lªx1\L!\ﬂW{r@Kk['LCOR\¼nK [WE\1Kﬂ_

NnpT0OSQRM1KﬂWEQUV@[bLCT0V$_0jwOU\¼Mkc0M1OR\ºr]_ÁOUQWEP@Q_=nw½8J PÕ¡P@\LNQL-YHN['LW9QW3_@W
"KﬂW9QVu[ﬀK O@JVuOacWE\M1P@QU]_	\r@\8tﬁV@j5jNK;Q[ﬀ\1Y@'e$T@T	½
F "
   
"W/ *F "




"

*1 "

' "
XY

 
	
"

1* 	
  ) 
"
Z	
 !Y[

"


µ0@$@·^7\1P@Kk~0QUV@jmV0tﬁQ.K1[@rQWL
QL-VﬀWVuT0\L/r]_0j5QU[e` L-\kj5T0\1[]WEQU[@QUÑKﬂWEQUVu[ËVbV0M1\1K;[@QSMT'\1jNQUr@V]W9QWE\L#½!v.\1VbM;P@\1nm½ÓvH\1V@T@P$c'L½!vH\+V¦L5c=LWE\1nmL#½!¢

;@@

:;'½3;$0Ä]Ç30@;v.s@@;bÅ
F\
	
 ]R
O






#  
.
1
µ0@@$· £D@T0\kjNQUn\ [WEK1OL5c@[W5Pﬀ\ﬀLNQ3LﬁK1[@rTbPﬀKﬀL-\:j-\ ORKﬂWEQUV@[bLﬁVb&TbPﬀ\ [e`bQ}W5QRMHnp_&LNM1V$~0QW-\
3jNVbnÃ¤'½aW9VC@v8J KQU[KM+K ORM1K;jN\1V$_	Ln\ﬂWEKkT0\1OUQWE\:3j-Vun?W9Pﬀ\8Kko0QR\8hV$_0[]WEK1QU['LNY0sBP@Q[0Ke½ tﬁQW9P@V'L


	;5@'½
)
) 
"
_^`	

 


Fa1*\b
	 	
"

!!./

 #
	 !
\/


$8
bFVdc
 ]R
"
e
	
µ0@$@·lﬀ_0o0r]_=M#W9QUVu[ÁK1[0r
jN\1MkcﬀM ORQU[@`"V@[@Q}W9jNVu`0\;[K1OUVu[e`pW9P@\s\k[]W9j-K O0z.n"\;jQM]K1[pnKkjE`bQU[

lbM1QR\1[@M1\
0Ä@

10k@1e'½
)
gf 4
ﬁ

" "

ﬁ

Q/
(
	
' "
   
!

5   )
)
µ0@	#·m.¶¿QSLNV¼V@T0\<j-KW9QUV'LVupP@QU`0P@T@j-\]LL9_0jN\§_=OW9jNK1nK15Q M
jNVbM;À'L

5npT0OSQRM1K#W5QUV@[bLÓ9V@jŁ9O_=QRrLNV$_0jNM1\LÓK [ﬀrFnVuo0QUORQWcÁQU[³W9Pﬀ\³L9_bour]_=MﬂWE\1r/P$c0r$jNV$_	LŁnK [W5O\$½psV@[]W9jNQao	½
hQ[0\;jNK1O3½ J\ﬂW9jEV@O3½# 

#'ek1eÄb½
"



Q
 SR 


' !.ﬁQ
 

µk;Ä@Ä@¤$·m£~uVuO_@WEQRVu[´V@CL5c@[0n\ﬂWEK1nVujET@P@QSM²~0\1QU['L!K1[@r¾W9Pﬀ\ Q j¨¸K1OROj-VbMkÀ'L
W9P$jNV$_0`@PmK:»\$LWE\kjE[mzHOUT'LW9j-Kk[bL-\]M#W

[@Vw\ﬂ~0QRr@\1[@M1\p9V@jOSK;j5`0\1L-M1K1OS\Oa_=QRr{5OVﬀ¸½	lﬀWEK#o0OU\pQL-VﬀWEV@T0\;Y¦nK ﬁ-VujNﬁK [ﬀr
W9jNK1M1\1E\kOU\1n\ [WDL5cbL9WE\1n"K#W9QSML#½esIPﬀ\1n¨½ev.\1VbO3½	#0

Å	;k@Ä'½

"
	

-
ﬂﬁ

"&"

F

µ0@#·£D@T0\kjNQUn\1[]WEK1O&M1Vu[0LW9jNK1QU[]WNLIVu[P@QU`bPT@jN\]L#L_0j-\n\1OWEQU[$`CQU[CL_0o0r]_=M#WE\1rmMkj_	L9WN½
£Kkj3W9P'½1J&OUK1[@\ﬂWª½0l0MkQ3½1tﬁ\ﬂW3WN½}Y1Å@Å

#0Ä@k;¤bÅ
!

)
/ 
	

)
Q1
µk;ÄbÅ@·	tﬁ\:n\#WEKkjNK1r@QUVbOUK;jQ}W5Q0K5\;j5jNV"r$Q0s\]LªK1[ﬀKµZpK1OUOR\ruQ&l$_	LNK15z.OUTbQ=VbM+M Qr@\ [WEK1OQU·#½1h\1nw½
lbV0M½$v.\kV@O3½WN½0Ä

;@@k#'@½
!#"
%  
*/

	
' "
   
!@
	  (

' ﬁN
µ;;Ä@Äb·IVuj5nKﬂW9QVu[!K1[ﬀr§o@j-\1KkÀ0r@V$¸p[!V@M1P@OUVujNQWEV@QUr@5V@npT0P0K1M1QW-\
P@Q`0P@9T@jN\]LL9_0jN\pK]L#L-\1no=ORKk`0\$LQU[mn"K15QRML5c=LWE\1nmL

\+~0QRr0\k[@M\p3jNV@nFW9P@\£Bj5j-Vb9¡ Vﬀoeo0QUVw\1M1OUVu`0QWEQRMn\ﬂWEK;`0Kﬂo@o@jNV'L
µtBQ `$_0jQRK1[H»´\LWE\kj5[|zHOUT	L5·#½1£_0jª½1½kh²QU[0\kj-K O ½$

@#0Ä@#@;¤@'½
!

"


µ90@@¢$·lb\;j5T0\k[]WEQU[@QUÑKﬂWEQUVu[§VbK+o@c=L#LNK1ODT0\kjNQSr0V]W9QWE\]L:KﬂWnQRr@5V0M1\1Kk[CjNQUr$`=\]L½s½'p½&v.\1V¦L-M1QS\1[ﬀM1\m¢@¢b

Å' 	Å@	½
!
)2 %
	
=



"

O
µ0@#·´zHnV0[@Q_'n M1V@[0M1\k[W9jNKﬂW9QUV@[ÉK1[ﬀr¹"QW9jNV@`0\k[ÉQ3L-VﬀWVuT0\ÒM1Vun|T0V¦LNQWEQUV@[ÉQS[
n"\#WEK]LN\1r@QSn\1[]WEK;jcjNV0MkÀ'L"3j-Vun ruQU5E\kjN\1[]W.WE\1MW9V@[@V@n\kWEKknV@j5T@P@QRM¨_'[@QWNLV0:W9Pﬀ\§£D_0jNVuT0\+Kk[²ZpK;jQ3L-M1K1[i^7\1OWª½
vH\1V0MkP@QUnw½$sV'LNnV0MkP@QSnm½ez.MﬂWEK¤b

0@¢@'Åe0½
!Y


	

-/
)%

 5
=

" "
	

c
	
µ;;Ä@Ä$@·§^7V$jNV@[Ãr@\kT0OU\ﬂWEQUV@[Ãr]_0jQU[e`FT@jNV@`@jN\]LªLNQa~0\¾n\ﬂWEK1nV@j5T@P@Q3LNn

n|TbOUQRMKﬂW9QUV@['L9V@jBL_@our]_=MﬂWEQUVu[|T@jNVbM+\]LL-\]L#½1£K;jW9P=½ J&OUK1[0\ﬂWª½@l0MkQ3½1tﬁ\ﬂWRWª½'@@

¢@¢#5¢$0Ä'½
	  # 
"


	N1*


 

# 
?
1
µk;Ä@Ä@¢$·H»KﬂWE\kjLNV$_0jNM1\]L.9V@jL9_bour]_=MﬂWEQUVu[ÓÑV@[@\{~uVbORM1K1[@QLNnH[ﬀ\ﬂ¸Ô\+ﬀT0\kjNQSn\1[]W-K1O
M1Vu[0LW9jNK;Q[WNL#½0l0MkQR\ [ﬀM1\0¤@

¤@¤$05¤@¤@'½
	
"
 

 R
/!  G2I I
$
&O_=QSrHJ&jNV0M1\]LªLN\]LDQU["L_0o0r]_¦MﬂW9QUV@[ÑV@[@\]L½bl0M1QU\1[@M1\@'Å

¢$0Ä@5¢@¢@¤'½
	    8 8

`	
µk;Ä@Ä@¢$·#½&O_=QRr@-n\ O}WEjNV0MkÀQ[WE\kjNK1M#W9QUVu[QU[nK EQSM\+M OVu`0QWE\]LDK1[ﬀrM+Vb\]LNQ}WE\1o0\+KkjNQ[@`n\ﬂWEK]L-\1r@QSn\1[]WNL

s8V@[bL9W9jNKkQU[]WNL4Vu[H~uVbOUKﬂWEQUOR\jN\1MkcﬀM ORQU[@`"r]_0jNQU[$`mL9_bour]_=MﬂW5QVu[=½$sBP0\1nm½evH\1V0O3½;bÅ

Ä@¢@k@#'½
	    8 8

ﬀ	
 / "
 
"
  


"

µk;Ä@Ä#·¡4j-K1M1\15\1OU\1n\1[]Wﬁj5QRM1P{oﬀjQU[0\]LQU[C\M1OUV@`bQ}W5QUMp~=\1Q['L

NnpTbORQRM]K#W9QUVu['L9V@j9O_=Q3r
M1Vun|T0V¦LNQWEQUV@[K1[@rHW9jNKk[0L5T0V@jWr]_ﬀj5QU[$`mL_0o0r]_=MﬂWEQUV@['½esVu[W3jNQao	½1hQ[ﬀ\kjNK1O3½1J\ﬂW9j5V@O3½	;@¤

 ;@0¢@'½
	


/ /

	 
'

! c
µ90@$$·J\W j5V@OUV@`ucV@4L9_bour]_	M#WE\1r"LNOUKko'L#½ezH[@[=½ 7\ﬂ~¦½ £IKkj3W9PHJ OUK1[ﬀ\ﬂWª½bl0MkQ ½$¢@

0@@90¢b@½
1 "
)


'

!
µk;Ä@Ä#·ZpQW9j5QU[@QWE\"j-\ EOS\+MﬂWEKk[@M\1YDQOROSQWE\wMkjc=LWEK1OUQU[bQW9c¥K1[@r¨WE\1MﬂWVu[@QUM$L

jN\]L9_'OWNL|3jNVbn¹W9Pﬀ\Vuj3W9P@\;j[
zT0\ [@[@QU[0\$LDµ3WEK1Oac$·½$j5`	½evH\;VbM;P@\1nm½	;

;bek1Å	½
1 "
)
"
 R
"
^
µk;Ä@Ä#·Zp\;jcﬀP@QU`bP²T@jN\L#L_0jN\!n\ﬂWEK1nV@j5T@P@Q3LNnÖK1[@rŁ_0TbORQUSWV@pM+Vb\]LNQ}WE\1o0\1KkjNQU[@`¼n\#WEK]LN\1r@QSn\1[]WNL
3jNVbn?W9P@\

\;jnKﬂWRWEl0K1K]L

V@[@\+Yﬀ»\]LWE\;j5[pz.OT'L½ £D_0j#½1½khQU[@\;jNK1O3½$¢

@k;
/
(
	
' "
   
!
	    8 8

	
µ0@#·\1\kT9O_=QRrbLDQ[L5_@o0r]_=MﬂWEQUV@[pÑV@[@\]L½ tﬁQWEP@V'LB@

 ;¢@@00½
/
(
	
' "
   
!
 !

"
*
"

"



"
%	 

-

	   (

'MﬁN=
^ 

		 
'
   5
µk;Ä@Äb1·l$_@our]_=MﬂW9QUV@[mVb¸KﬂWE\kj
Q[WEVHW9P@\nK1[]WEOU\

¶Q3L9WEV$jcV@&K1[K1OT0QU[0\T0\kjNQUr@V$W9QWE\$½evH\;VuOVu`@cp0¢

'eÄ@0¤$
/
(
	
' "
   
!
	  

' ﬁ *
	    8 8

P	
-1' '


	-T "
 
"
 )-
µk;Ä@Ä@$·<¶Q `bP¹L-K1OSQU[@QW9c5Oa_'Q r
Q[0M1Oa_	LNQUVb['LD9V@jNn\1r3j-Vbn/jN\1Mkc0M1OR\1r"Lª\1Kﬂ¸KﬂWE\kjDQU[r@\1\kT0OcL_0o0r]_=MﬂWE\1rK1OUTbQU[0\HL-\kj5T0\1[]WEQU[@QWE\$½1£Kkj3W9PHJOUK1[@\ﬂWª½0l0MkQ3½
tﬁ\ﬂW3WN½'#'Å

'Å@eNe@b½
/
(
	
' "
   
!
 !
f *
"

"

ﬂ


) 

	
"
 R
"
^

5 

 
  
1
µ0@$@·¡ P@\pEKﬂWE\pV@^Y	sO K1[@r"tBQ&QU["W9P0\
L_@o0r]_¦MﬂWE\1rV0M1\1Kk[@QRMHnK1[]WEOU\.K1[@r"QU[pW9P@\.K [W5Q `0VujNQWE\13o@jN\1K;À0r@Vﬀ¸|["9Oa_'QUr'L#½£Kkj3W9PpJ OUK1[ﬀ\ﬂWª½'l0MkQ3½]tﬁ\#W3Wª½ Yb@@

 ;$
0¢$	½
/
(
	
' "
   
!21

	"8


"


	   (

'.ﬁN
µ0@#·'Oa_=QRrK;[@r\1OS\1n\1[]WMkcﬀM ORQU[@`"QU["L_0o0r]_=M#WE\1r"LN\kj5T0\;[]WEQ[@Q}WN\

zFW9jNK1M1\\1OU\1n"\1[WLW3_=r]c(VbDW9P@\£ﬁj5jEVb9¡ V$o$o0QUV!P@Q`0P@9T@jN\]LL9_0jN\_=OW9jNK1nK15Q}WE\]Lµ»\$LWE\kj5[wz.OT	LNY'p» WEK1Oac$·½'1½
J \#W9j5V@O3½@

@5¤@'½
/

 #
	 !
 


FQ1= )
) 
"
 ^	
 c
  R
"

	 	
  

'Zﬁ

µ0@@¢$·DsBV@[]W9j-K]LW9Qa[e`¶\15sºj-\ ORKﬂWEQUV@[bLNP@QUT'LBQ3[
"QUM1Kkj-Kk`$_=KK1[@r"sV'LWEK8QUM1K

QU['LNQU`0P]WNLDQU[]WEV"sMﬂcuM OUQU[@`W9PejNV$_0`@P"L_@our]_=MﬂW5QVu[pÑ Vu[ﬀ\]L

£IKkjW9P.J OUK1[@\#Wª½bl0MkQ3½1tﬁ\ﬂW3W-½
 #

0Ä@Ä@	;¢b½
/


$8
bF-L

%
"
Q
F
µ0@$@·»KﬂWE\kjHL-VuO}_bo0OR\mM1P@OUV@jQRr@\$LQU[!nKﬀLªLNQa~=\¨Lª\1K1OUV0V@jHLN\;j5T0\1[]WEQ[@Q}WE\]L

KmLNV$_0jNM1\Vb
MkP@OUV@jQRr@\QU["L_0o0r]_=MﬂWEQUV@[pÑV@[@\]L

£IKkjW9PHJ&OUK1[0\ﬂWª½@l0MkQ3½1tﬁ\kWSW-½]@0¤

@0¢@''½
/
% 
' /!
  
 
" ﬁNF
µ0@@¢$·C¡ P@\L5c'LWE\1nK#W5QUM$L§VuM P@OVujNQU[0\1YpOa_=V@jNQ[ﬀ\1YpK1[@r¼¸K#WE\kjCQU[5Ñk_ÁKkjNM3jNVu[$W
~0VbOUM+K [@QRMjNV0MkÀ'L

QRnTbOUQRMKﬂW9QUV@['L9V@j~0V0OSK#W9QOR\jN\1Mkc0M1ORQ[@`QU[{L9_bour]_	M#W9QUVu[ÑV@[@\L

vH\+VbMkP@QRnm½@sV'LNnVbM;P@QSnm½@z.MﬂWEK
¤@

 ;@Ä@@0@¢b½
/
 
' "

ﬁ
	


"('

1*
  *
	9) "

  
µ0@#·7\k`bQVu[ﬀK OB~uKkjNQSK#W5QUV@[bL|QU[Ł~0VbOUK#W5QUOR\¨M+VbnpT0V'LNQW5QVu[

Q3LNV$W9V@T@QRM
\ﬂ~0QRr@\ [ﬀM\"9Vuj7M1KkjouVu[0KﬂWE\jN\1MkcﬀM1OSQU[@`!Q[wW9P@\ms\1[]W9jNK1O z.n"\;jQRM1K1[¨~uVbOUM1K1[@QRMmKkjNM

v.\1V0MkP0\1nQ3L9W9j-c§v.\1VuT@P$c=LNQRMﬀL
vH\1V'L5c0LWE\1nmL 

reVuQ

;'½3#0Ä]Ç30@;v.s8@@;¤@¢'½
 	
"
e	

^ 

		 
'
   5
µ;;Ä@Äb·¼l0\ﬂjET0\k[]W9QU[@QWE\FL5WEKﬂo0QUORQWcÃWEV6nK1[]W9OR\?r@\;T$W9PbL¥K [ﬀr¹L_0o0r]_=MﬂWEQUV@[@jN\1OUK#WE\1r
n"K;`bnKﬂWEQSLNnw½bl0M1QU\1[0M1\0¤bÅ

Å@@ÅeNÅe¤½
b
)		
"

!! )
) 
"
6^(	

   


Fa1* 	
 (
%
' ﬁ

 /


$8
bF- c
 ]R
"


	
µ0@$@·Ó"QW9jEVu`0\k[
L5c'LWE\1nK#W5QUMLÒK [ﬀr `'KL¹9Oa_bu\ﬀLAVbL_0o0r]_=MﬂWEQUV@[ ÑV@[@\$L

QU['LNQU`0P]WNL3jNVbn sV'LWEK 7QUM1K KkjNMÐ~0V0OUKﬂWEQOR\$L

vH\1V0MkPﬀ\ nQ3LW9j5cvH\+VuT@P$c=LQRM]LDv.\1V'L5c'L9WE\ nLB

r@V@Q

;'½3;$0Ä]Ç30@@¢@v.s@@@¤b	½
 
	ﬀﬂﬁﬃ! #"%$%&'(ﬃ! )ﬃﬀ+*,-./-0.21#! 435 637!"81!.23")ﬀ4349.-:<;)ﬀ6>=@?A2CB4 #"3DﬃE F3")G6IH,;)?AB4JLK
;6ﬃ:@1) ?A!3G)=6
HM:NG)J
ﬁ
H4 6:NJ
ﬁ
H>1)1:OJ
δ P4Q ﬁ
H4RJ
$%&'HST4UVJ
W%X#Y)ZMXZ0[ Y]\K X6^ _ Y#K \ `
K X
− a!b c
+ a!b d
e]\K f#Y [)[ XK+_ `
K f
− a!b g
+ a!b g
h)ij kﬀil m]h)iDjCn
W%X#Y)ZMXZ2_ f#o#K X#_ [0\ XK+_
^K+e
− a!b g
+ a!b g
f6\K Y6e o Y#K \
^K f
− a!b g
+ a!b c
h)ij pLiq m]l)i,p]n
W%X#Y)Z2Y)Z2e e]\K e]^ _ XK \ `
K+o
− a!b c
+ a!b c
Y6e#K>[Eo
`
XK \ `
K+_
− r-b a
+ a!b s
h)i4t kﬀij j]i>kCn
?A!3G)=6u!.2.-21# #"T4v,ﬃ:
1@S%!3G)=6wx,!"V2.Tﬁy3>,ﬀ4ﬀ13uzﬃE ﬃE *#-34{Kﬁ|HM :ODJ.-01).--E )w=@ﬃﬀ:Nﬀ) 6ﬀﬁy")04ﬀu04!"V}#*
:Oﬃ! #:N0D.4*#~6ﬃ! #"%ﬁH>1)1#:JCﬃ! #" δ PMQ ﬁD=#ﬁuE )40 6ﬃ! #"F34-ﬀ4ﬀ13uuE:@1#-343D @ﬀ-ﬃﬀ:@1ﬃE440.ﬂ}#ﬃ! Nu!.2.-!u043 K
n ?Aﬃ04!.u! 640 62.-:WF!uE35.-HMX)\)\6\)J-K
  Fﬀﬂﬁﬃ! #"F$%&2'ﬃ! #ﬃ!+*L9-..2.-!})}#3
:N04ﬃ!1#0.-3D"6ﬀ43+40K
;6ﬃ:@1) ? E3DG6=6
H4:OG)J
ﬁ
H4 6:NJ
ﬁ
H161:NJ
δ PMQ ﬁ
HMRJ
$I&2'
HST4UVJ
Low-strain serpentinite peridotites 
 [ Yf K Y
`
[!e e#K+o
_#K+e
− a!b d
+ a!b g
X_xK \_ [0X e#K ^  K "#K
Y\ K YX [!Y e#K ^
o#K X
− a!b g
+ a!b d
Y)oxK>[0f [0^ e#K+_
o#K4[
− a!b d
+ a!b d
qi	 ﬀij ﬀi
]h
ﬂX X)^ K f_ o fK4[
[!exK>[
− a!b c
+ a!b g
XoxK e^ o Y#K+_
[!exK \
− a!b c
+ a!b g

i4t m)q]i>t ji5lt
 Y Y
`
K X
`
[)[ fK X
[)[ K>[
− a!b g
+ a!b g
X_xK e\ o Y#K+o
[0\ K o
− a!b c
+ a!b g
XoxK \o _ Y#K ^
[0\ K o
− a!b c
+ a!b c
l)ij m)m]i>t ji5h6h
ﬁﬀﬂﬃ! #"%$ &'ﬀ	ﬁ(ﬀ	 #ﬃ
ﬂf Yﬂ[ K ^o
`
XK
`
[)[ K Y
− a!b s
+ a!b c
XexK
`
Y e XK+e
[)[ K e
− r-b a
+ r-b a
XexK X)X e XK
`
[)[ K>[
− r-b a
+ a!b s
h)i4k m)m]i5l mtﬀih)l

`
YX K \o ^ XK+_
[0\ K
`
− a!b c
+ a!b c
X)^ K f)X
`
XK+_
[0\ K e
− a!b s
+ a!b s
h)i	 mt i>k mtﬀi pLl
ﬂ^ X)^ K _
`
e XK4[
o#K X
− )+*()
+ )+*()
Y)exK f)f e [ﬀK+o
[0\ K Y
− r-b a
+ a!b s
f)X K \Y
`
[ﬀK+o
_#K+o
− a!b s
+ a!b c
X_xK o)e e XK4[
o#K+Y
− r-b+r
+ r-b a
h)i4t jiq mtﬀi4kﬀl
\#oﬀ\Y?  f)X K e)e e [ﬀK+Y
_#K+_
− r-b a
+ r-b a
Y)YxK e^ f [ﬀK f
o#K \
− r-b ,
+ r-b+r
mi
 ﬀij mtﬀijh
.-& /ﬁ
\#oﬀ\Y10 Y^ K Y
`
[0f e#K4[
Y#K+e
− a!b g
+ a!b d
Y)exK f)f [!e e#K f
Y#K+o
− r-b a
+ a!b s
qil l)i p 
i,p{j
?A!3G)=6u!.2.-21# #"T4v,ﬃ:
1@S%!3G)=6wx,!"V2.Tﬁy3>,ﬀ4ﬀ13uzﬃE ﬃE *#-34{Kﬁ|HM :ODJ.-01).--E )w=@ﬃﬀ:Nﬀ) 6ﬀﬁy")04ﬀu04!"V}#*
:Oﬃ! #:N0D.4*#~6ﬃ! #"%ﬁH>1)1#:JCﬃ! #" δ PMQ ﬁD=#ﬁuE )40 6ﬃ! #"F34-ﬀ4ﬀ13uuE:@1#-343D @ﬀ-ﬃﬀ:@1ﬃE440.ﬂ}#ﬃ! Nu!.2.-!u043 K
 
	
&QU`	½½1»PﬀVbOU\jNV0MkÀ δ

³~0K1Oa_=\$L ~0\kjL9_L¦6M1V@[]WE\k[W EVuj	W9P@\8£ﬁj5jEV¡ V$o$o0QV¨LN\kj5T0\1[W9Q[@QUÑe\1rn"\#WEKkT0\kjNQUr@V]W9QWE\]L4K [ﬀr
¶HJ~0\1QU[ÁK [ﬀr³nc0OUVb[@QWEQRM?LN\kj5T0\1[W9Q[@Q}WE\ﬀL-YK [ﬀr¾W9P@\/l0Vﬀ_eW9P¾»´\LWw5[ﬀruQRK1[?QRr$`0\¼µl@»¼9·ÓLN\kj5T0\1[W5QU[@QUÑ\r
T0\kjNQUr@VﬀW9Q}WE\]L#½
&QU`	½'	½b»P@V0OU\jNV0MkÀm¹~=\kjªL_	L¶p0ÒM1Vu[WE\k[]WI9VujW9P@\£ﬁj5jEV!¡ Vﬀoeo0QUVŁLN\kj5T0\1[W5QU[@QUÑ\1rCn\ﬂWEKkT0\kjNQUr@V$W9QWE\]L7K1[@r{¶|J
~0\1QU[ÖK1[@r nc0OUVb[@Q}W5QRMÉLN\kj5T0\1[W9Q[@Q}WE\ﬀL-YºK1[ﬀrËW9P0\Él0V$_@W9PÉ»\]L9W´5[@r@QRK [É7QSr$`0\Ìµl$»·L-\kj5T0\1[]WEQU[@QÑ \1r
T0\kjNQUr@VﬀW9Q}WE\]L#½0l@P@K1r@\1rKkj-\1K8_0[@r@\kjNOUQU[0\$LW9P@\jNK;[$`0\V@bÁM1V@[]WE\k[W&VuDl$»?L-K1nT0OR\]LDµL-\1\8WE\ﬂeW9·#½
&QU`	½0¢'½ﬀ»P@V0OU\HjNV0MkÀ δ
ﬀ
A~uK1O_=\LB~0\kj#L_	LD¶p0ÃM1V@[]WE\k[WD9VujDW9P@\:£ﬁjjEVw¡ Vﬀoeo0QUV§L-\kj5T0\1[]WEQU[@QUÑ\1rmn"\#WEKkT0\kj5QUr@V$W9QWE\]L
Kk[@r¨¶.J¼~0\1QU[ÓK [ﬀr<nc@OUVb[@Q}W5QRMCLN\kj5T0\1[W9Q[@Q}WE\ﬀL-YK;[@r¨W9P@\!l0Vﬀ_eW9P¨»\LW5[@r@QRK1[¨QRr$`0\mµl$»·pLN\kj5T0\1[W5QU[@QUÑ\r
T0\kjNQUr@VﬀW9Q}WE\]L#½0l@P@K1r@\1rKkj-\1K8_0[@r@\kjNOUQU[0\$LW9P@\jNK;[$`0\V@bÁM1V@[]WE\k[W&VuDl$»?L-K1nT0OR\]LDµL-\1\8WE\ﬂeW9·#½
&QU`	½]	½1»PﬀVbOU\jNV0MkÀ δ

³~0K1Oa_=\]L ~=\kjL9_	L	6M+Vu[WE\k[]W5V@jW9Pﬀ\8¶HJ§Kk[@rH.¶HJ§n"\#WEK]LN\1r@QUn\ [WNLD3jNVbn?W9P@\pl0M1P@Q3LWE\]L
t _	LW9jNx]L.[ﬀKkT@T0\¨K1[ﬀr§W9P@\1Qaj_0[@n\ﬂWEK1nV@j5T@P@V'LN\1rÓ\1]_=Q~=K1OU\1[W3jNVbnÂW9P@\mzT@T0\1[@[@QU[0\¨µ5r@K#WEK{3jNV@nÂ^8_&LNQU`b[$c<\ﬂW
K O ½Y@0@@¢@Kk·
&QU`	½u0½1»P@VbOU\j-VbMkÀ δ

³~uK1O_=\$LDVu'W9Pﬀ\8£Bj5j-V¡ V$o$o0QVn\ﬂWEKkT0\kjNQUr@V$W9QWE\]L-Yﬀ¶.Jw~0\1QU[K1[@rnpc0OUV0[@QW5QRMHL-\kj5T0\1[]WEQU[@QWN\+Y
lbV$_$W9Pw»\]L9W5[@r@QRK [wQRr$`0\mµl$»¼9·pL-\kj5T0\1[]WEQU[@QUÑ\1rCT'\;jQr@VﬀW9QWE\LNYhV@[]~0Q3LNVCH¶.Jn\ﬂWEK;`0Kﬂo@o@jNV'L.Kk[ﬀr¨W9P@\1QUj
P$c0r$jNV$W9P@\kjEnK1OSOcu5K1OWE\kjN\+r6\1]_=Q~=K1OR\1[]WNL²9jNV@n s8Pﬀ\ [ﬀK1QSOSOR\ﬂWEYmK;[@r³¶.JÐWEVF.¶HJÌn\ﬂWEK]LN\+ruQRn"\1[WNL²3jNVbn W9P0\
lbM;P@QL9WE\]Lt _	L9W9jNx]L [ﬀKkT@T0\K1[@rHW9P@\1Qaj_=[@n\ﬂWEK1nVujET@P@V'LN\1r\1]_=Qa~0K1OR\ [W&3jNVun?W9Pﬀ\:zT@T0\1[@[@QU[0\$½
&QU`	½@¤'½]»P@VbO\:jNV0MkÀ δ
ﬁ
¼~0K1O_¦\]LﬁVu	W9P@\£BjEj5V¡ Vﬀoeo0QUV{n\ﬂWEK;T0\kj5QUr@V$W9QWE\]L-Yu¶HJ(~0\1QU["K1[ﬀr"nc0OVb[@QWEQSMpLN\;j5T0\1[]WEQ[@QUWE\
Kk[@r"L_0jEjNVﬀ_0[ﬀruQU[e`¶.J!n\#WEKk`0Kko@o@jNV'LDµ5r@KWEK3jNV@n?	j =P@5vjN\1\k[\ﬂWKkO3½}Yu0@#·½
&QU`	½	'½u£D$WE\k[ﬀr@\1r{W9jNK+M1\"\kO\ n\1[]W T0KﬂWSWE\#j5[(Vu£ﬁj5jEVC¡ V]o@o0QUV¨¶.J²~0\1QU[!K1[@rCnpc0OUVb[@QWEQRM{LN\;j5T0\1[]WEQ[@Q}WE\"µ5r@KﬂWEK3jNV@n
lbM+K npou\ OROa_0jQ0\#W K1O3½}Y@0@#·½
&QU`$_0jN\"
&QU`$_0jN\
&QU`$_0jN\¢
&QU`$_0jN\
&QU`$_0jN\H
&QU`$_0jN\¤
&QU`$_0jN\
